1 Solution Processabl e Passivation Layers for Organic El ectronic Devices
The present invention relates to solution processabl e passivation |ayers
5f or or gampeogl®eisooni c (OE) devices, and to OE devi cespcirmpp@iiodses ar
organic field effect transistors (OFETs),and thin filmtransistors (TFTs),
conprising such passivation |ayers. Backgiound of the Invention 10 An

| nportant aspect of manufacturing organic electronic devices or conponents,
|l i ke for exanple organic transistors organic sol ar ceIIs or backplanes of

di spl ay devi ces ur the ronic i xels, is
the fabricatior® é'?im Bffg ng#d VPH‘EI?% g’ﬁg? ﬂﬁéf?%'% | ayers
of the device. Conventional rranuf act uDewviceéschni ques are based on chemi cal
vapor deposition and photolithography. Today the devel opnent in the

el ectronics industry goes towards replacing the expensive vacuum technol ogy
based procesdée piesantiovention relajesoiosniuivreprosesaablsl passivation leygrs Thi s new
technolpgy okbeebahRecBENBRIALHD) Rl laiNg cb@%eweso BhgltuxgcuUm

equi prent whi ch e CO0S process rocesses to be
nore easily ﬁ%'@!ﬁIﬁ@khﬂﬁe@tﬁf%?ﬁl%toﬁhéoﬁggé)sén%F@nﬂ@éfa'&@@rﬁ)? TR di spl ay
devi ces. 25Ficguig lslngfgt%‘ﬁ passioanén kilery. the key conponents of a single
transi stor of a display device backplane in a bottom gate configuration
that was built using solution processable technology. Typically the

manuf act ur i n@akaréundibf thednsehtidm at e (110) whi ch can consi st of gl ass,

nmet al , 19 polynmer. Onto the substrate (110) a netal gate electrode (120) is
deposited by vapor 30deposition. Subsequently, a layer of a dielectric

mat eri al (13@)n inspattgrdsispedt b mascfartgirg ordandc sfsatrariadevigesorpri nt i ng.
This layer ( figkr e te

insul ating ( qr%n@ ke fSF’eRQnr@?e G#ﬁﬁ&ﬁréhﬁs{&X 6rga?\ ?@gf?%@egﬁ (150)

al so consi st ib@§ B'ﬁnﬁétQild'SFd?!éd§é1§§§|f@@é!”n9|ﬂi*©ﬂﬂy"@ ¢lgglpniss for gani c

sem conduct ofindi{{atai pikéR) id ﬁmeff@bﬁesn&’été&hw Lrwwhaﬁ p?@wamg edinBividest r odes
(150) \a/;lr%’d thg surfa of t di, el ect r? (% t he function of
t he devie i dungiiq r§ﬁ g}qg%\gc% al manufacturlng echniques

are based on chemical vapor deposmon and photolithography.

Today the development in the electronics industry goes towards replacing
the expensive vacuum technology based processes with solution

20 processable, printable technology. This new technology offers the
advantages of avoiding the use of high vacuum equipment which reduces
the cost of the process, allows the processes to be more easily scalable
and extents the accessible size range of the display devices.

25 Figure 1 shows schematically the key components of a single transistor of
a display device backplane in a bottom gate configuration that was buitt
using solution processable technology. Typically the manufacturing starts
with a substrate (110) which can consist of glass, metal, or polymer. Onto
the substrate (110) a metal gate electrode (120) is deposited by vapor

30 deposition. Subsequently, a layer of a dielectric material (130) is
deposited by techniques like spin coating or printing. This layer (130) is
referred to as dielectric layer, or organic gate insulating (OGl) layer. Next a
set of source and drain electrodes (150), also consisting of metal, are
deposited. Finally a layer of organic semiconductor (OSC) (140) is formed

35 covering the source drain electrodes (150) and the surface of the dielectric
(130). Critical for the function of the device is an intact interface between



-2 the organic sem conductor |ayer (140) and the dielectric layer (130) in
the regi on between the source and drain el ectrode, as indicated by the
doubl e arwowpivhsssh is al so known as the "channel area" pchdiresioomsand

mai ntai ning a sharp interface are inponggpt aspects here. Subsequently to
formng this core part of the backpl ane,” devi ce manufactures usually add
additional functional |ayers on top of the backplane and ot her devices.
This requires further processing steps involving the use of reactive

hemi cal | vent i s th
G5C or i he | EcToARE bR g aler R8T add e WieimEalt (B0PRITES, 7P
to avoi d danegionbetwedbthe sowreednsbdiain glestiodec as vrdiratearby theojoykieso
known as " pagsh¥Alinath 1s34€6 L4 {Hee Hapnbpy@a" (AdRésiofdrent |y, display

devi ce manuf ac{?ur’.er_s deposi tl_(hg%Z or chemcally resistant netals |ike gold
by cheni cal W@ytainikeasharpinteface@radnPeeaphayreciane®he osC. The
di sadvgnt age of this approach is again the requirenent for vacuum equi pnent

dits i dlimtati . T i | abilit f | ut i bl
passi vat | on SubseRura lpEing B et ot M bAdTaneARliebne have been
descri bed i nszrit@?ctafés uﬁﬁlly_&at_tdmdi?itioh@ mtaeﬁasmzamz OH tapi sfctheses ? .
assi vation i,l ayer .cqppri,si.n J . osite
Ioayers of orﬁéﬁ'ﬁyaﬂétﬂ@ﬁ%%rd %'8%%’ T@P g&ﬂ%‘%%ﬁ’r@%ﬁ?ﬁ?%ﬁ%@% g,lgt her (a)
pol yvi nyl al iviobling EhéAlsé of reautivetnhepoicsisi anyd solsphisiibat rAVEst easgs) PVA
followag by GYiid QlssBNBbIYaRanY i B¢ B tne IHEHAGS bEIRSLPORL Bhd! he

deposition by ‘erent e spin coating, Inkjet gl nting, screen
printing anddiglesticcbhe ssual process sirateay; toAvid damaging e ¥8misit2ti on for

the passivat uePoQinErfrb@ctwéma;@_(460})(@@@ kﬁo@h'asb?%%div&ﬂbﬁﬂam:) éritoi nor gani ¢
wat er based so §t|o&,§l or %1 le n tlan ?f ‘ROt'h' 0 I?bV\ﬁver, the.tL§§ of

pol ar and aqiS0S% Ay (10 Stareliy; displayJeYice AR SiARROSIHTI®2 i n the
el ectroni ¢ deythemicdlyabsistdrit rsetgis ikecgold by cleetnival daporcdepesitian mance.
35W020Q%/ 008241 Al describ C device with a barrier |ayer between
functig al 18 rgoé{as&maﬂ%ﬁi%ﬁ§ﬁterfaces I nside the device, for WO

2011/ 026550PCT/ EP2010/ 004835

The disadvantage of this approach is again the requirement for vacuum
equipment and its involved limitations. The availability of solution
processable passivation materials (SPPMs) is therefore desirable.

20
SPPMs have been described in prior art. For example, US 2005/0227407
A1 discloses a passivation multilayer comprising two or three
subsequently deposited layers of organic materials. Those material
combinations are either (a) polyvinyl alcohol (PVA) followed by polyvinyl

25 phenol (PVP) or (b) PVA followed by PVP followed by polyimide (PI).
Further disclosed is the deposition by different methods like spin coating,
inkjet printing, screen printing and micro contact. It is also disclosed that
the formulation for the passivation material can be an organic oil based
solution, an inorganic water based solution, or a combination of both.

30
However, the use of polar and aqueous-based solvent systems can lead
to ionic impurities in the electronic device, which will significantly reduce
device performance.

35 WO02001/008241 A1 describes an OSC device with a barrier layer
between functional layers at vulnerable interfaces inside the device, for



3 exanple at the interface between the substrate and the gate el ectrode,
between the OSC and the dielectric, or between the OSC and the source or
drai n el ewbrnodeaesshe barrier |ayer can be a conductor, iPa3wHP2§10/004385

sem conductor. Suggested barrier Iayer_qﬁgerials i ncl ude i norganic or
5organic materials like e.g. water soluble PVA, poly(neth)acryl ates,

pol yur et hanes, perylene, silicones or fluorinated species. However, there
i's no enabling disclosure howto provide a passivation |ayer on top of the

basstvat | on PRalfie §hAftndathenBrie b hotiate BRUNAE DA LIHERE?, |
fabrication between the BSE apd thadiclactig, osbtetwegiethe @SChandde payEe and t he

oG |ayer argra%iﬁ%&m@lmé BArridk PHRY TaRthd 8 CORGUERYT, indlfhitéhsr OG | ayer
may al so be forned from glg%%ggqo(ﬂs sol ution of PVA '—iowe,ver, assi vation

|l ayers are 1SRBHCRNAUIteNS Rarriey fayed geaiesialssingludedng 86 neit her

di scus$ the prganiematerinRiike ¢ gpwatdr KusiaPea, pylynkth)aonylgiegcessi ng from
aqueous sol utipons and their nrgegatl ve influence ?1 t he dei_xl ceyé)efformance,
nor do they Qﬁg'é’ég 2D SRV RPONAS R fIHOUBAIRY $RAUCH HRQWVEYR™ ETPs an ai m
of the preseignoenabtingdiscbosgurehodetospricvids & passivation danerraat topi aflthef or
preparing pagsivati e ey] i | cul om gate (BG
OFETs and TF??S" yOﬁ@?ng%s%ﬁﬁ%@i%gﬁﬁg%o%ggﬁ%? gﬂggﬁé{ygﬂéaf?f (s)ﬁa]in%teri al s
(SPPM) . The passivation daydrayers shoul d be easily processabl e and shoul d not

or notq@ignificantly affect the device performance, like the on/off ratio
and charge carrier_nobil They shoul d protect the OE device agai nst

ity. ¢ )
possi bl ¢ danklse 2087404 76481y Hisclopesgepioiceas fonhedabasainmer adiitue
_maguf act utr]I i nagpigegeﬁatuatr@pt@sdsotwnéﬁeiwmeaoss?@@y@ir @;ﬁb thecmgam'y@tr afd ds,
i odi ne and i odi des, etchants, str.ippi .agent s Q s, reactjv
nddi tves. hEmehbsaliton RrepBesin it e M irerTian slsbrhe
mechani cal sforessd froheapagpeoas isolutivat dfdA sHowledenqiadsarationHayersambacks of
prior ait nebgggfﬁcmgdal low time-, cost- and material -effective production

of OE device arge scale. G her ainms of 35the present invention are
I mredi ately evident to the expert fromthe follow ng detail ed description.

4 - Besides, the documents cited above do neither discuss the problem of
ionic impurities caused by solution processing from aqueous solutions and
their negative influence on the device performance, nor do they suggest

20 possible ways how to solve this problem.

It is an aim of the present invention to provide suitable methods and
materials for preparing passivation layers on OE devices, in particular
bottom gate (BG) OFETs and TFTs, by using solution processable

25 passivation materials (SPPM). The passivation layers should be easily
processable and should not or not significantly affect the device
performance, like the on/off ratio and charge carrier mobility. They should
protect the OE device against possible damage caused during later use or
during subsequent device manufacturing process steps, in particular

30 against inorganic acids, iodine and iodides, etchants, stripping agents,
solvents, reactive additives, heat, humidity, oxygen, radiation like UV
radiation, and mechanical stress. The preparation methods should not
have the drawbacks of prior art methods and allow time-, cost- and
material-effective production of OE devices at large scale. Other aims of

35 the present invention are immediately evident to the expert from the
following detailed description.



It was found that these ains can be achieved by providing nethods and
materials as clainmed in the present invention. 5Summary of the Invention
The i nverwOaniwveb#mbes to a process of preparing an or gaRCT/FPR@0004385 C
devi ce, conprising the steps of 10a) pr_04/i_di ng an organi ¢ sem conduct or
| ayer, b) depositing a first passivation layer froma first fornulation
conprising a passivation material and one or nore solvents onto the organic
sem conductor |ayer and renoving the solvents if present, c) optionally
depositing a second passivation |ayer froma second 15fornul ation
conprising a passivation material and optionally one _gr nore solvents onto
the first padsvasmfaund thaythesendimsesay bag@chiveddivriaviding meteedp@nduner ei n
the sol vent s gaatigknadclbiinédth fHe Slestat Mvkatiboen are selected fromwater or
fluorinated organic solvents, and 20 wherein, if the first fornul ation
conprises water as a solvent, the first fornulation is treated to renove
i oni ¢ Brpur i SugsmBef of thedapesiiéh on ont o the organi ¢ sem conductor. 25The
i nvention further relates to an organic electronic (OE) device obtainable
or obtained by a process as described above and below, in particular a top
gate or bott Fhmegaventorgmiatesitoe prosese of prepatgigsan orqaieE)jectng er abl y t he
CE device is C . consisting of organic 30field effect
(BficR; ESRpITERE haytebo P

transi stors nsistors (TFT), conponents of integrated
circuitry (I ' fbté(?ﬂg teHdubkt l&n (RFID) tags, organic |ight
emtting di oglé"‘ﬁ‘@E%)‘%ﬁg ectI r%?'lt‘}m neéj%tec_ﬁ?é%?’spl ays, flat panel displays,
backl i ghts, B?Bbﬁeﬁiiﬁgtﬁr@t 86§5816n 1dye8front bfFst fofmulEHIGRTorep &S,

of gahi

capacitors, C otovoJtaic (OPV) cells, char i nj ecti on 35l ayers,
Schot t ky di o@é§§'VBt"&r§§Pat§f'ﬁ rl‘éa%ig@,r\%?fﬁ gty opitqgﬁqs OtQﬂWEJcti ng 5
substrat es okefdddrRiutior lahei and nemovimgsthesudtents fgpesest,

el ect rophot ogr aphi ¢ devi ces and xerographi c devices. Brief Description of
t he Draw ngs c) optionally depositing a second passivation layer from a second

15 formulation comprising a passivation material and optionally one or more
solvents onto the first passivation layer and removing the solvents if
present,

wherein the solvents contained in the first formulation are selected from
water or fluorinated organic solvents, and

20
wherein, if the first formulation comprises water as a solvent, the first
formulation is treated to remove ionic impurities before deposition onto the
organic semiconductor.

25 The invention further relates to an organic electronic (OE) device

obtainable or obtained by a process as described above and below, in
particular a top gate or bottom gate organic field effect transistor (OFET).

Preferably the OE device is selected from the group consisting of organic
30 field effect transistors (OFET), thin film transistors (TFT), components of

integrated circuitry (IC), radio frequency identification (RFID) tags, organic

light emitting diodes (OLED), electroluminescent displays, flat panel

displays, backlights, photodetectors, sensors, logic circuits, memory

elements, capacitors, organic photovoltaic (OPV) cells, charge injection
35 layers, Schottky diodes, planarisingilayers, antistatic films, conducting



Figure 1 schematically depicts a typical bottomgate, bottom contact OFET
according to prior art. Figure 2 exenplarily and schematically

depi ct s avbabitiwmgat e, bottom 10contact OFET accordi ng PeTigreoipessnt
invention. Figure 3 exenplarily and schqr;{rpti cally depicts a bottom gate,
top contact OFET according to the prese i nvention. 15Figure 4 shows the
transfer characteristics of an OFET prepared according to Exanple 2. Figure
5 shows the transfer characteristics of an OFET prepared according to
Exanmple 3. 2 ics of an OFET
prepared accg\’%tﬁ%{e?ﬁ@}‘gﬁﬁ 3 pgm%tééoq{ﬁfc?clﬁ_rs ﬁﬁ&% ct)§}tss t he transistor

mobi lity of abc@ﬁmompahwwwmsrﬁdwgemrm&iWIO@SS Fi gure 8 shows the
the transfer current of an OFET prepared according to Exanple 5. 30Figure 9
shows the transistor nmobility of an OFET prepared according to Exanple 6.

Fi gure 10 shBief Pescription phthefldfawind$ ent of an OFET prepared according to
Exanplg 6. 6 Detailed Description of the Inventi on Above and bel ow,

the terns "d'elect "i.nsul a are used above and
bel ow i nt er cRtHYEA pghemﬁﬁgaﬂy é%ﬁ'g'ﬁ g/tpé %Pqﬁﬁgbgﬁ oﬁogPay%Q“taF*so i ncl udes
a di el ectri cORERaceding tepNverat. The area between the source el ectrode
and the drain electrode 1n a transistor device is also referred to as the
"channel area". 10The devel opnment of an SPPMis challenging for a variety
of reasons. Figunec2 exdmipiarilpBRN schematichlly depists adoitasn gatehbottes) gned to be

compat bl e Wbk e pferbyldif BFedldsgatinendughi tecture (or thogonality).

Sol ution processa are marly cases SO le in a variety of organic
solvents. Direct exposure of the OSC to those solvents should therefore

15be avoi dedFidiyet § @kERitarily AR dadherificaty deprRtEBGMON batediteh eshtdce is of

OFET according to the present invention.

15 Figure 4 shows the transfer characteristics of an OFET prepared
according to Example 2.

Figure 5 shows the transfer characteristics of an OFET prepared

according to Example 3.
20

Figure 6 shows the transfer characteristics of an OFET prepared
according to Example 4.

Figure 7 shows the transistor mobility of an OFET prepared according to
25 Example 5.

Figure 8 shows the the transfer current of an OFET prepared according to
Example 5.

30 Figure 9 shows the transistor mobility of an OFET prepared according to
Example 6.

Figure 10 shows the the transfer current of an OFET prepared according

to Example 6.
35



critical nature for the device function. The OSC and the dielectric wll
i nevitably have different surface energies. This neans that solvents that

may not dve0imeesisne OSC may still penetrate the OSC di eceatprrénoodsser f ace
and destroy the device functionality. 20,To the other end the SPPM has to
fulfill a variety of function in terns o “cheni cal resi stance, in

particul ar against materials and conditions applied in subsequent
processing steps durlng devi ce manufacture, for exanple when processing

: gr ahi ¢ processes. A 25typical
Liie ST 11T s—offe—ot nore of the foll ow ng processing
steps, which may |nvolve chem cal and/or physical exposure of the
underlying | e ta » kY Y an
or gani & ol vetp R angFaral theterls Rigpartahas ?ﬂsﬁﬁa’*'"@hgﬁo'“?ééké& &
typi cal |y usiusgdiahove andbelemnigteschapgeably: Tnis e egfertﬁﬁtﬁgara@gu@@i ve acids
and redox I eagfdriso inchIBYAdidEctAB ¥ Rerael WES vefadi cal |y using aggressive
organic solvents. 7 - The passivation material should also w thstand both
organi ¢ sol vents and aqueous solutions. Contradictory to this requirenent
is that the pamsareatbetwesnttheisaurdesliectrote anepheidrah electrbde fmae time from

ot h requi r e S SEME R oo Trnt RS T Rt Bl ¢ be cr ose- 1§ nied
after deposition. Anot her probl emis that the passivation material has to

subsequent I y (‘(J]és{: fment 8 di SﬁPlYl%\éle‘l%r@@%r §9?H% dtiea sdtY ofb

S|gn|f|cantlyr erlals For
exanpl e the &nsnd e SPEdVbas ég f@mwlamru basrdy beeiﬁ@rlgreecbt%ag cpmpatiple

reactions or vﬁﬁﬁ%&ﬂ&ﬂ?ur@@@@ﬁhd%@% ér'&hk@@tu?é’ dr'ﬁ% d?%‘ﬁli}?%@ldtfbﬁe' f. As
ilm subseque ter soluble or

a consequence the aﬂﬁ/ ma m‘g
sol ubl e in ofyarFS %a%?n'ﬂ‘ 'Hé?yﬁéﬁe?ég t”n%"@féﬁ'@ rf98N. to photo
resist stri pw\mntéaj‘k&tfaxbbew'mgf thesDSCrteltHdss selvamits siopuld eheretforef or

ot or i A anderaiaifed Ao s Rndtor oFF. 08 f o BRI dei car
resi stance: Thidicalaxatureatardine ldat/le:ﬂfahctsdm)l]lm (BSCcaamthanq}ectesw\stl ant to any
chem cal st hafoahly P&vé‘ﬂﬁe’ré’rﬂ éiﬁféc%g%r%’rp%‘éq?ﬁ&t m%ﬁ&"?ﬁét‘ %lﬂveﬁjitgﬁﬁat These

chem cal s can conpri se E (5 sol vents,
aci ds, bases masongt @ﬁaolaeﬁheq danay, gtil n@mw%te#he@%{ alectrissintarianse

agai nst radi @fﬂd(ﬁhstﬁﬂqhb%‘é\[& funeaBhaiy. vapor deposition, vacuum drying by
nechanlzcbal means, bl ow dryi ng,

To the other end the SPPM has to fulfill a variety of function in terms of
chemical resistance, in particular against materials and conditions applied
in subsequent processing steps during device manufacture, for example
when processing further functional layers by photolitograhic processes. A

25 typical photolithographic process incudes one or more of the following
processing steps, which may involve chemical and/or physical exposure of
the underlying layers:

- deposition of photo resists resin, typically in an organic solvent,
30 - UV exposure,
- development of the photo resists, typically using bases,
- etching of metal, typically using aggressive acids and redox reactions,

- removal of photo resists, typically using aggressive organic solvents.
35



25t enper at ur e changes, nechani cal stress caused by lifting of tools e.g.

I mprinting equi pment. Othogonality |: The passivation material should be
deposi t edwonvo/bsso OSC wi t hout damegi ng the functi on of PCliEPRO1@08483% OF .
This requires that the SPPM o the solvents in the formulation
carrying the SPPM do not 30di ssolve the OSC. Orthogonality Il1: The

I nterface between OSC and dielectric is critical for the function of the
device. It was found that even solvents that do not dissolve the OSC can
still creep i | Sl i i i the OsC
off the diel Z@%%atésg’@ﬂ&éﬁﬁe‘ﬁé}ggég?%‘ﬂ%@ Yi’ghglé\??cr:l’e&ﬁwgagl‘ﬁg"}n%hé%tabps of the
present i nveagueoushsotetions rcortpadictary (g s requirenentisdhatihe and have

devel oped nOKgLsiaRGbr ARAEA haiBtbIeIde BbsifRPAVIhBSsrie BePRSM A biufion

mat eri al s, ereln these material s and net hods  neet %he above  nentioned

r equi r ement swhigh isdypicalineitheravatey onsplygnt Rased et fultll BetoeRueMets sprvs
as dessri bedtHepadsivaticrspateridl wedy foriexahtplebeverossBinke @ afidr gepbhition. can be
sol ved. The passivation layer is preferably deposited froma formnul ation,
whi ch contains the SPPM nmaterial and optionally contains one or nore

sol vent s, 10Aaotisriprebles @nthabthes padsication satdiied HaBRb subsehtieptief er abl y
conprises a hi | e ' . LAl 1] I ' rs, in
order o pr el RAs i ahFard e Ebfuitiohs kR SRSy SRR T
OSC. The SPPMe shqicebé patsnfiatin soitghlei roateiiads. iFar exanle dhe expasie ©onpound
or a ”ﬂBthebgéeQéﬁg\%'lggjstC@g?%O&%e éré(sjﬁpPllkjigyﬁéébQ@ﬁé 8PatthcK Weakmpact of

several solvents s wat er an I nated organi ¢ sol vents do not

deteriorate €hemiralbeads imie balymarpackhone dselicherrrAnsearesre doe
especi al | y i pofyfferffiibpisuBBeytentyobesttnewdtepsoldble besdlubktinpaganieat i on

I . 20 Thus, h | f | at i d t ivat i
nosor di ng t 0SPNENr SELATY MdRErbIT SXRrUrEAs: § RIS aLe LPPBtLed or
fluorinated sol vent based. Another preferred fornulation used in the

. yat
Do ayerd cssoheraioyngIREFudes sthe FERTemERE, foppaBEiatth RATRHER, 1)
wi t hout any sodVketypicaltprobiems tcbe selvediwhen providiagsnatesiajsard vat i on
materi al t Napdiod® driReRASSRIERbN Y1 daB¥Ratish isferdeposi Li on and sol vent

removal . It was also fou at the performance of the device is influenced
by the - Chemical resistance: The passivation material should be chemically

resistant to any chemicals that will be applied during subsequent
processing steps. These chemicals can comprise water, polar/ apolar/
protic/ aprotic solvents, acids, bases, ions and other reactive chemicals.

20

- Physical resistance against radiation, sputtering, chemical vapor
deposition, vacuum, drying by mechanical means, blow drying,
25 temperature changes, mechanical stress caused by lifting of tools e.g.
imprinting equipment.

- Orthogonality I: The passivation material should be deposited onto the
OSC without damaging the function of the transistor. This requires that
the SPPM or the solvents in the formulation carrying the SPPM do not
30 dissolve the OSC.

- Orthogonality 1l: The interface between OSC and dielectric is critical for
the function of the device. It was found that even solvents that do not
dissolve the OSC can still creep into this interface, reduce adhesion

35 and finally lift the OSC off the dielectric, thereby destroying the device.



30deposition of the passivation material, even when the nost conpatible
formul ati ons are used. For exanple a reduction of the transistor nobility
can sonetwoesiibresbser ved when appl yi ng a passivati on | agemEp28y/004dsiCi ng
the exposure or contact time of the SPPMfornulation to the OSC the
performance of the passivated device can be inproved and/ or 35an eventual
| oss in performance caused by the passivation can be reduced. In one
preferred enbodi nent of the present invention, a reduced -9 contact tine
is achi eved . | i j . Lt L: LG ed and
accel erati onghgllrﬁ%{aﬁéf%%fﬁgﬁgﬁ §§lﬁfgﬁggﬂ§§@f*é¥é¢,?§“'ﬁﬁaﬁé¢'ﬂ%g?gﬁlggﬁ&?r eat ment
i s applied toaterdalpansi hawe develaped neveband éppeiviedonethasist ofanplyng t he
sol vent (s) aﬂ%stel?%énééri\yﬂ%rn HBH4RAS IRERA tHdTmbferldie ahB methds ofetPr ef er red

enbodi nents the erature 1s elther increased or devrease uri n_?
deposi ti on ofhe akoysmaniigned feariramesnts. Irwas found thalityesing dhe speeferance of

the pa$§sivat gﬂ:cgé%gég%nar@lvﬁptvlsr@Quégc_:mecwembgﬁbsémsmvéntimtrfe)ww&-e caused
by the passi vatlon.ggog‘érr%her gt udi es, showed that the exclusion of even

| ow i on concBIRMLNE 20 P51SHYFd-mmi nt ai ni ng the functionality of the
devices and is therefore preferred, especially when using water based

formul ati ons hus, . i ref.err | pr nt

nvent on. whl AEGpitReR BB SRRl SRR RET ot SohRuRBOH AR ¢
treated to recaontaing thesSPPM mateniall andhgptivrallysiantaibe fanecormpos solventsont o t he
OSC. Thips | [ r i LMt | and/ or
reducelg Dan ggé%&ﬁéﬁr&?%Qgﬁyﬁmg?ﬁ)itﬁamg%?aﬂgégggﬁ téﬁzéggs%@ﬁgﬁs Thi s
treat ment tohighhelequiat weighpnatenials like pelymars Arjofigpmersrineidehth usi ng a
passi vation BrdRint #hatdRuthateriabitsainebsldi 49 s8fa S6IvEANT it TBE, The _
pol yvi nyl acong]_or a €=3:er| \{at i ve th.eregiﬂ alm@‘&can al so_be apgl i,ed when using
ot her passi vaHrof isRielrrahly apprganicangigrial, 1ks afhP@anic CoREoLNd Tund t hat

t he devi ce peatiktarerefioryaafid eompBbddeposi tion can 25be further inproved by

| ower i the concentration of the polyner in the fornulation, especially in
the forrmul ation used for preparing the first passivation layer. This | eads
to a decr easéndhvestigationf thg énpant eksrvaral solvenis showedethatwadespayd t i on
process ther : ' | ] i ' W a |l ow
concent rat i oﬂﬁﬁéﬁtﬁﬁ%ﬁﬁ%ﬁi ol ! e RbiRE theap B LALIGAIY SRy,
preferably adrathaselpse poeienes; especiplly infhissioraylation usefasidepspitiop of
coating. A sgqofidt bay§ivafdn faylepr mul ation with a higher concentration of the
same 85 M mat eri al and preferably the same solvent(s), for exanple from5
to 15 9% preferably 10% preferably an aqueous fornul ation, is deposited

i medi at el y Fhuer saotdhogBaahformulation used in the passivation process

according to the present invention is preferably either water based or
fluorinated solvent based. Another preferred formulation used in the
passivation process, especially for depositing the second passivation

25 layer, essentially consists, preferably 100%, of the active material without
any solvents, wherein "active material" means the passivation material
that forms the passivation layer after deposition and solvent removal..

It was also found that the performance of the device is influenced by the
30 deposition of the passivation material, even when the most compatible
formulations are used. For example a reduction of the transistor mobility
can sometimes be observed when applying a passivation layer. By
reducing the exposure or contact time of the SPPM formulation to the
OSC, the performance of the passivated device can be improved and/or
35 an eventual loss in performance caused by the passivation can be
reduced. In one preferred embodiment of the present invention, a reduced



35deposited | ayers are then cured by heating the substrate. The device
performance thereby achieved is superior to a direct deposition of the -
10 - hi ghwo 20oreessbr at ed fornul ati on. At the sane tine Phe/EFe&i00emB3s

passi vation | ayer thickness is maintaineg. The passivation |ayer according
to the present invention is preferably a 5continuous film The thickness of
the first passivation layer is preferably from20 nmto 5 pm very
preferably from20 nmto 2 pm nost preferably from500 nmto 1.5 pm The

t hi ckness of i [ i . - f . 25 pm
very pr of er sty RS BIBYTE! € o REpih EoBlifl BeBOsHigh i bangRiart, <1 P
t hi ckness of spepd®nd accqlenatiaps biweanatben pigferredimmbediosndl agdianalabl e and
preferred. U ; i ihiBh A SRR ' above
and below re g%? t§|r g%%rﬂ%ﬁglrs?ééé}ﬁ i;e\iH:trénqg?Edearésyg:u\%A@femv?leb%ﬁg%?hg%gﬁﬂg or
curing st eps.ofifhersalygnt(s)and lofustheniedira egrtactimente theO¥Gposed surfaces
of the BOE device. 15The passivation |ayer according to the present
invention is preferably a nultilayer consisting of. t or nore referably
bwo s ngle 1 A SPEte Breted Smbod@ets B3 rbrituRds athe? InglRased B &

passi vati on rdeivesasdd ddmind depogitioh @f did passieaticmmatedalt Abgocern inprovee
exposed part f | C | ' . ' r Lon which
exPosed Par 502 el K 80 yh BagHUBIEHL G4V shife e U SR RRAITpAS ™
pref erabl y alispecfoemaoeé lcaused ydbaglassivatine. exposed parts of the device.

"Chemcg)ly orthogonal " neans that the exposed parts of the device 25renain
chem cally and physically unaltered when bei ng brought into contact with

t he passi vat ifoHtheststydias shewedsthabtha@xglugian of evenilew ey copaepisatians neans

that no mat eng glitigdl fePMARaMiIn@thd filhctlername. offteé deviaeslahd iBeh&leforedi f f uses
Into the passivation material, SOCOtrJ I ssqlution of the

devi ce. and BT EoRBERIRWNS iBo ST pased Brmdelos T, fba Sy
fornul ati on (dreferecbpracesseicabrding o thekprdsent ivention Gahenmsing anl ecul es, or
transi tf5) n ”Eér?#ﬁ/r that %eglj\ %lqhgoﬂg |f’c&r?nulation, it is treated to remove ions, for

example by dialysis, before deposition onto the OSC. This improves the

device performance of the passivated device and/or reduces an eventual

loss in performance caused by the passivation. This treatment to remove

ionic impurities is especially preferred when using a passivation material

20 which is consisting of or comprising a polyvinylacohol or a derivative
thereof, but can also be applied when using other passivation materials
that are water soluble.

It was also found that the device performance after SPPM deposition can

25 be further improved by lowering the concentration of the polymer in the
formulation, especially in the formulation used for preparing the first
passivation layer. This leads to a decrease of the SPPM layer thickness.
Another preferred deposition process therefore comprises the following
steps: A formulation with a low concentration of the SPPM, for example

30 from 1 to 5 %, preferably 2%, preferably an aqueous formulation, is
deposited for example by spin coating. A second layer of a formulation
with a higher concentration of the same SPPM material and preferably the
same solvent(s), for example from 5 to 15 %, preferably 10%, preferably
an aqueous formulation, is deposited immediately afterwards. Both

35 deposited layers are then cured by heating the substrate. The device
performance thereby achieved is superior to a direct deposition of the



metals, that could coordinate to the OSC) diffuses into the device,
especially into the OSC | ayer. "Physically unaltered" neans that the

35devi ce wormimeeishysi cal |y intact, and that there is neCiaPernmbisdoh or
penetration of the interface between the di el ectric and the OSC. The

ort hogonal |ayer preferably conprises a r?o‘l ymer, oligonmer, or polynerisable
material that is chemcally orthogonal to the device, especially to the OSC
| ayer. The ort hogonal | ayer is preferably deposited 5froma chemcally

or t hogonal | at i on I nel,ude equs f formul.ati ons
conpri sing f I qr ﬁé}nggnggp?fiﬁ}@,uq%{‘ fgﬂﬁ%ﬁameoﬁ@mc{b%e% rgﬂd)aééglgh%al |y
100% of act i \ayerdhieknass is nairdameef er red enbodi nent, the orthogonal |ayer
conprises a water 10 sol uble polyner, oligomer, or poI yneri sabl e materi al
that is chemcally orthogonal to the device, especially the OSC material,

and is dep05|th‘@opa$SdNﬁtm layaea0eomingiel thei prasent invertionisdorefarablyamd bel ow.
| n anoher p(r?% ﬁ@ﬁ% ﬁﬁﬁoﬂhgﬂ%kné&?ﬁoﬂ gllogg%bsn}a?tbb%rla erﬂréﬁaﬁly

15fl uori nate | 1 goner, or po | e mat e

chemical ly of m@ém tpo‘i HFe V8 Praferabl t:,renhzwnmb 50 WQ?EPW%?’a%B/nd is

deposi ted fr gmna 500uitoat. sthiﬁ Wh@ltrﬁékr@%s&ﬁ tﬁe%ebbh@@a@bmﬁoﬁntﬁyéveé ow.
The orthogonal

t t 00% act
20conponent s %{Eé%/&)ﬁlfrqrﬁa% ”'fsrgt gg%ﬁlmstvggw PF%%%?XE | a#zﬁ? H"Hsﬁg’é cri bed
above and Eelmeferably fidra 1Kepond 14auar. A thickotesstof\appray. €12’ imphas belers :

en al ns
o ovaD She gl 4k BRNGLAT, LA ARGREAAME Rl sBlShd A cel st
The prot ect i \the filg ¢hickpess eableatgl\;erapm\reeandﬁberfova reifeg mathe:deed &l
resistance i $eequivept rér‘%(}?FS':’?d %h@?ﬂﬂfé Clrlr?tYriéte‘f)%”PPéf@Yéﬁ?théOThe

protective |ayer conp exa one

pol ymeri sabl @%ﬁtV@F'PaIIaYWaQOV&ﬁSm@m%ds%lé‘féﬁ%‘éfs@eéﬂ Eideviaes as descri bed
above and bel ow. The prot ective layer is pref erably deposited froma

f or mul alt on descr.i bove a ese ude. a

For mul 3 ons. THERARAA TN EYED REEMIMEE S {6 PRET AV EBI YL S HTaPA at i ons
35consi st i ng ragltilayer abhygistihg b O ac maore, praferabdy iwashglelayersat i ons
conpri sing polar organic sovents.
The first layer ("orthogonal layer") comprises a passivation material which
is preferably chemically orthogonal to the exposed parts of the device, in
20 particular the OSC. The formulation which is used to deposit the
passivation material, including all solvents, is preferably also chemically

orthogonal to the exposed parts of the device.

"Chemically orthogonal" means that the exposed parts of the device
25 remain chemically and physically unaltered when being brought into
contact with the passivation material or its formulation.

"Chemically unaltered" means that no material or component of the
device, for example the OSC, diffuses into the passivation material, which

30 could lead to dissolution of the device, and that no component of the
passivation material or the SPPM formulation (for example metal ions like
Li, Na, K, Ca, small molecules, or transition metals, especially noble
metals, that could coordinate to the OSC) diffuses into the device,
especially into the OSC layer. "Physically unaltered" means that the

35 device remains physically intact, and that there is no deformation or
penetration of the interface between the dielectric and the OSC.



- 12 - The charge carrier nobility of the device after passivation is
preferably 50% very preferably ? 70% of the initial value before

passi vat ivw0.201eessn/ of f rati o of the devi ce after passi PaTiEPR0109H0438%f er abl y
? 50% preferably 590% of the initial I,Iue bef ore passivation. Preferably
t he passivation |layer, very preferably” | east the first passivation

| ayer, conprises, very preferably consi sts of, an insulating material wth
a resistance greater than 1014 acn2. 10 In anot her preferred enbodi nent of
the present invention, if the processing chem cals or conditions utilised

I n subsequent processing or device manufacturing steps are sufficiently
nmoder at e i n dheearrtHfogonzhayer phelgoaizly coayriseata poly meyeoligamed, tonst and t hese

e e2® D pERAR SRS oAl HEPRCherfiah P BithiGoRS B IHE IR 2V 0 | 5 nO!

required. In ogon ane tine
serve as proespeciaby tathe OS{playest Thee bag@nald@y%'nmpa@f@rablx d@méﬁ%qi ayer

provi dgng bomn%tdh%aqeany aﬂﬁo@@%l%ﬁw@néﬁrrpﬁéwﬁ}cu%%w@mﬁssI vation
process accor Héﬁ to tg ent inventio ﬁl 5 E( to protect the

sem conduct oforga{jatiens, day ‘é? PR CORPTEEY ‘éfb’éﬂarﬁ% 8 €813 Yarmge caused by
any subsequeMmmlamcmsustﬁr@eswntmuydloo%osacf\mr neitéigll. e vacuum or

sol ution processing steps, during manufacture, and from any potenti al

exposure during its intended use. These processing 25steps and conditions
i ncl ude, wi t hoatpreferiedaemirodim®at; thenophogesali lagerstarpprisémaiwateng but not

i mtedoto %Rj%?éjé&gﬁé ry Bigier, Cﬁcﬂ% 8Hs£6]8 n%’t%ﬁ?i lthia?'% &ﬁerﬁ?c‘aygr stress

on the devicé e as vacuu
evaporati on, ocfbnaenabtput g deyigs, iesperialy the 0(5‘5(3 sueriawandns 6§§QS|ﬁ¢Chg on the

device,  SpUflaf af e@as%rrﬁn@ﬁbﬁads IERAbed UYeldrRMbeloly! T adi at i on for
exanpl e by el ectron beans or - vacuum deposi tion of

materials |like for exanple ITO or rretal s li ke copper, silver, gold, silver,
pal I adi um plgahsther ;fréfédnemembbdﬁmem tHeubhiedg oial IWMp@m ni um

chr o Lrjr§}| ;It tﬂanI i @gqugylmbr o) g%%é‘r 8?poR/Heerfsssab?ea%sa?enaq)fhat isc helq‘nggllyt ool's,
orthogonal to the device, especially the OSC material, and is deposited
from a fluorinated formulation as described above and below.

The orthogonal layer may also consist of an essentially 100% active
20 components material that is deposited from a formulation as described
above and below.

The second layer ("protective layer") provides improved chemical and
physical resistance against and protection against possible damage
25 caused by any subsequent processing steps or conditions.

The protective layer is preferably applied when a higher chemical
resistance is required than the orthogonal layer can provide.

30 The protective layer comprises for example a polymer, oligomer, or
polymerisable material that on cure resists process chemicals as
described above and below. The protective layer is preferably deposited
from a formulation as described above and below. These include aqueous
formulations, formulations comprising fluorinated solvents, formulations

35 consisting essentially of 100% active material, and formulations
comprising polar organic sovents.



Tenper ature changes; Drying steps for exanple by air flow or nechani cal
contacting neans, Solution processing steps, including but not limted to
10> deposwbi2on/méssphot o-resi sts, sol vent exposure for examph@otossas cohol s,
al i phatic and aromati c hydrocarbons, 4 ket enes, ol efins, alkenes,
hal o al kenes, hal o aromatics, 15> devel o%n'ent of photo resist layers with
bases i ncludi ng sodi um hydroxi de, potassi um hydroxi de, cal ci um hydr oxi de,
anmoni um hydr oxi de, al kyl ated amoni um hydr oxi de, pyridi ne, im dazole,
benzi m dazol e, phosphazene, chem cal etchants |ike acids and redox
reagents including, wthout 20limtation, phosphoric acid, nitric acid,
ferric nitratEhe blyahgecddrder mabilityl of eedédceaalter passipation & mteifer,ably 2

e e or't o aadY (KR B0R PooP6f (! iRfaPy Bk befGrY PSRRI The

nmet hanesul f oni ¢ "aci onfc aci enes
t ol uenesul f ordn/ofcatin of ther devige iaften passivation iscpigferablyrz §9f7mg9r@ferabmﬁat 0

resi st gayer qﬁe GHis Vdik& bk gRaAoN- 25nmet hyl pyrrolidone,
2-pyrroli doneéb%, Hé Itﬁ"lyl- 2- Pmﬂgg?ﬁl di none, dinethyl .formam de, dinmethyl

sul f oxi de, di net hyl acet am de, 1,4- dioxane, tetra-hydrofuran, ethylene
gl ycol mnom@yéraetme,p@ést%tmagéwety meﬁ@etallwbt |etatateuhe fﬁéhy| ene gl ycol

nonopr opyl et her col nonoi so et h e | ycol
nonobut yl 30&9?&?"3?'8?}19)’%88@ 66 W@ﬁﬁ%ﬁ?ﬁwépﬁ'@s s g tﬂﬂ 'é'ﬁﬂggpgcol

nonobenzyl etrhatenadmﬂh@twﬁagbg«gméatenttmmi@n IQenﬁer di et hyl ene gl ycol
nDnoethY et her, diethylene glycol nono-n-butyl ether et hyl ene gl ycol
di net hyl et her, ethylene glycol diethyl ether, ethylene gl ycol di butyl
ether, et hyl dnangitheprefered emhasiment of thecpresent inaatien yttie 35nonet hy|

et her acetat Joetag%geﬂegt.we'or%ﬂerﬁw'm.ﬁé&tﬂn %@éé}@n@ﬂ%d@s’éﬁdﬁ@ﬁ of the

af orenenti on resi stance agai.nst environnental inf]uJdences such
as noi sture diEvieR maudacturing steps agesitficiently madesateoniardet ©ortheat ed to

speci fic mat ecﬁr’th’r’d%i)r@méaﬁéwﬁﬁéﬁﬁﬁj&@@mhdtaﬁ@ thesé e ehii€sIsdr coRdRtivhsoa are
descri b in the q na.

second protective passivation layer is not required. In this embodiment

the orthogonal layer does at the same time serve as protective layer, so

that the passivation layer is a monolayer providing both orthogonal and

protective functions.

20 The passivation process according to the present invention is designed to
protect the semiconductor device, especially the OSC, against possible
damage caused by any subsequent processing steps or conditions, for
example vacuum or solution processing steps, during manufacture, and
from any potential exposure during its intended use. These processing

25 steps and conditions include, without limitation:

- Vacuum processing steps, including but not limited to
> exposure to vacuum, radiation and deposition of matter,
> stress on the device, especally on the surface as a result of vacuum,

30 . . . . . . .
> evaporation, condensation, sublimation, or re-sublimation occurring

on the device,
> sputter coating or chemical vapor deposition,

> irradiation for example by electron beams or UV light,
35



Preferably the SPPM | ayers are deposited fromformul ati ons. The
formul ati ons can be aqueous based, solvent based, fluorinated sol vent
based, orwoansii®tssof, preferably essentially 100% acti veTmpopoom3ss | n
10addition to the SPPM the fornulation§ can conprise one or nmany
addi ti onal conponents for exanple seleétgd fromresins, polyners,

ol i goners, nononers, solvents, cross-linking agents, photoinitiators,
catal ysts, biocides, spherical particles or plate like particles, for

content it et vAarPRGRbRIRTER HBHiA et g 0. eis §RE 1"
conductivity of thepémsitveragolh sileerpafladiabl, plairsoo rhogiwm itidiurer y
preferably 5 501éﬁh§ﬁfeu11?,bcﬁ‘?ﬁiﬁn9réi'&%ir}i§rin£gﬂ%b?ﬁuWQEé@B, ARREENT in the

formul ati on one oW g puri Ion neéthods’i's preferably used:

Di al ysis, revejpihanimtshessthluadd Egrli?ﬂr{d &tool® %fgt’.fin}rirn%%;g:é{thlipment;

nanofi ptration, or other known nethods to renove Snal es and ions
from sol uti ons TeaRldtaidé ®hahgasiueous formul ations, these can be real
solutions (1-phase), dispersions, suspensions, or any other 2-phase system
The term "aque@ugingi Stepsifte.exaniglobly Aif flowalrimechafi@bosritadtingomebasabl y d. i .
(de-ionized) water, m xtures of water with alcohols, mxtures of water with
ket ones, m xtuSetutiin pracessingtsteps, yrcudingaud not limiteestoof wat er and et hers.
30Preferably the solvent consists to nore than 80% of water, and the co-
sol venyg are nor depositionlof phiotorresaster . Aqueous fornul ations preferably
conprise one or nore of the follow ng conpounds as passivation material:
Wat er sol ubl e Pesplvent pupgstsedor @snplsoieedleohqls) glinhatisrand ammaatis

pol yneri sabl e mahehiRlaphond! Giptdis) ketbrds! (Rl alheRl hhlRFalREABS RIS | oned.
-15- Suitable and preferred exanpl es of water sol uble passivation nmaterials

i ncl ude, without @9TRAHER:i on, the materials listed below Mdified

pol y-(vinyl al ¢cohol), like fo xanpl.e Kurar. Exceval AM410 Kur ar ay
Exchvl s 3010, SRUPRPIETAl Bhafo RS Taeis Rt ST e RSt 7 ot ay
Exceval' "RS- 1713, hidroxidey, pfotassiam REraxidié, caoiuan hydoxede;amRSniim 7, Kur ar ay
Exceval RS-2817 . YAV nQkl - f.ar le | SP
K-12, |SP K- 15, ﬁgﬂfﬂ%-'%,a"%‘?%ﬂ %%ﬂ@ﬁvﬂkﬁﬁ?g’| @@%@dﬁ{'ﬁ’%ﬂ%uo, | SP
Vi vi Print 540, abensinmidazele, phesphazeaef or nal dehyde, nel anmi ne for mal dehyde,
benzoguanam ne fornmal dehyde or carbamate. Exanpl es include, w_thout
limtation, BASFchemigletgwmts Bisspcidganphredosgeagarts inalyding, vokwut BASF
Luwi pa’lz0068, BASkmitaibR aph &pthori8ARid Livitichadid Féaridhvatatd, Hyarbetaibri® adid, BASF
Luw paF“LR 8955, BASF Luw B'al 052, .dBASF. - . .

acetic acid, sulphuric acid, iodide/iodine, hydrobromic acid, per-

chloric acid, chromic acid, methanesulfonic acid, ethanesulfonic acid,

benzenesulfonic acid, toluenesulfonic acid, citric acid or formic acid,

> stripping of a photo resist layer by chemicals like for example N-

25 methyl pyrrolidone, 2-pyrrolidone, 1,3-Dimethyl-2-imidazolidinone,
dimethyl formamide, dimethyl sulfoxide, dimethyl acetamide, 1,4-
dioxane, tetra-hydrofuran, ethylene glycol monomethyl ether,
ethylene glycol monoethyl ether, ethylene glycol monopropy! ether,
ethylene glycol monoisopropyl ether, ethylene glycol monobutyl

30 ether, ethylene glycol monophenyl ether, ethylene glycol monobenzyl
ether, diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol mono-n-butyl ether, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, ethylene glycol
dibutyl ether, ethylene glycol methyl ether acetate, ethylene glycol

35 monethyl ether acetate, ethylene glycol monobutyl ether acetate and
mixtures of the aforementioned,



Pl ast opal BTM BASF Pl astopal BTM Cytec CYMEL(r) 301, Cytec CYMEL 303 LF,
Cytec CYMEL 350, Cytec CYMEL 3745, Cytec CYMEL M\ 100, Cytec Cynel UM 15,
Cyt ec CYMED(20)1/3¢3p Cytec CYMEL 373, Cytec CYMEL 3749, eyrar2@3¥hklsss) 323,
Cytec CYMEL 325, Cytec 20CYMEL 327, Wtﬁ/ﬁ CYMEL 328, Cytec CYMEL 385,
acrylic copolyners, like for exanpl e DSM*NeoResi ns+ NeoCryl A081W DSM
NeoResi ns+ NeoCryl A1127 , DSM NeoResi ns+ NeoCryl BT20, DSM NeoResi ns+
NeoCryl FL711, DSM NeoResi ns+ NeoCryl BT26, 25DSM NeoResi ns+ NeoCryl BT36,
DSM NeoResi ns+_NeoCryl BT24, DSM NeoResi s+ NeoCry 27, acr I|c/styr ene
copol yners, i ?er%s'ﬂa”%lﬁgm«?éwﬁgqmﬁé' Nflusgess, SLlﬁgl\ﬁsr\Elﬂ@H ‘?19+ NeoCr yl
XK63, DSM NeoRestoagosidaoCryl XK64, DSM NeoResi ns+ NeoCryl XK85, DSM
NeoResi ns+ NeoCryl XK101, 30DSM NeoResi ns+ NeoCryl XK166, DSM NeoResi ns+
NeoCryl XK176, DSM NeoResi ns+ NeoCryl A633, DSM NeoResi ns+ NeoCryl A639,
DSM NeoResi nSenidepfafgtredatabodiginte oftatachios il priatedds andvoressRessi ns+

NooRed P+ NSO e PabenFliebhliod Sy e e PR ATES MG T he for

exanpl e Asahi G ass FE 4300, Asahi G ass FE 4400, - 16 - - anionic
pol yesters, Ff@rétﬂ? tﬁé%ﬁ#mD%&Md)eQﬁ%snédfﬂ&ﬁP&zmﬁaﬁ&% Tfd Yl i c/urethane

copol yners, exa Resi ns+ NeopRad,K R440 l\@ EESI ns+

NeoRad R 441 forpulatiensrean Re-2qusors %@Q?SOBSM %% Ur?élpag% 48, DSM
NeoResi ns+ 5bagEadomédibistIVphserdsy essertitly AD0%; ddNe ddphbdEmReshns+ Neo
PacE 1q® DS Pr odu HB 870 r Products

HB 878, Haaion %:6 e [ﬂfﬂ't“i Aslc‘%%bﬁmﬁ’%g e T8PY exanpl e DSM

NeoResi ns+ laiditisaal E9@@pnentsior gnasiphaselectadkiofmoresins polyme&sy NeoResi ns+

NeoRez R 101 QiigBEPoIEnsmaR. Wilicnie! oL hAKENAIRS iedloplaleRy o Sui L abl e

and preferre Foss-'l'i n mtati on "40% aqueous
gl yoxal , pol patatys}ar@p@@lelss ﬁ@hgggaé.paggq%gr pRta ke particlen forgxamalene | ke

CX100 DSM NeqERaL IR flaked d0dbidrivda ihike Z00sfoBss e AUSE (Dow Chen cal s) or
CX300 NeoReSi ns+. Suitable and preferred catal ysts include, w thout

i mtat'i“on, p-toluene sulfonic acid, isoners thereof and derivates thereof.
Exanpl es i nchuwddof\tontertYeAle iRQ fofnubition SEATId 6., aslpiveas PUcHbletdhe, Cyt ec

preterred_ phPUE oS oot Brdcely g v bidefa”

Hydr oxy- 4' (Z~$Q/p18cony t hoxy) - 2- net hyl pr opi ophenone.

20 In order to reduce the ion content in the formulation one of the following
purification methods is preferably used: Dialysis, reverse osmosis,
ultrafiltratrion, microfiltration, nanofiltration, or other known methods to
remove small molecules and ions from solutions.

25 In case of aqueous formulations, these can be real solutions (1-phase),
dispersions, suspensions, or any other 2-phase system. The term
"aqueous" include, without limitation, 100% water, preferably d.i. (de-
ionized) water, mixtures of water with alcohols, mixtures of water with
ketones, mixtures of water with glycols, and mixtures of water and ethers.

30 Preferably the solvent consists to more than 80% of water, and the co-
solvents are more volatile than water.

Aqueous formulations preferably comprise one or more of the following
compounds as passivation material: Water soluble resins, polymers,

35 oligomers, polymer precusors or polymerisable materials, including
mixtures of any of the aforementioned.



Sui tabl e and preferred biocides include, wthout limtation,

1, 2-Benzi sothiazol -3 (2H)-one (Al drich), 2-brono-2-nitropropane-1, 3-diol

(Al dri ch)woSuitebise and preferred spherical particles i rcirmpeionvishout
limtation, silica particles and m)dificﬁg silica particles, for exanple

G ace Ludox AS-30, G ace Ludox AS-40, ce Ludox SMAS, G ace Ludox AM
Grace Ludox HAS, G ace Ludox TMA, Grace Ludox CL, G ace Ludox CL-P, G ace
Ludox FM Grace Ludox SM G ace Ludox HS-30, Grace Ludox HS-40, G ace Ludox
LS, Gace Ludox TM 40, G ace Ludox TM50, Grace Ludox P X-30, G ace Ludox P
T-40, Grace Ludox P W50), fluorinated particles. - 17 - Suitable and
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essenti%lly 10 active or mul atlons referab
2 CYMEL 327, Cytec CYMEL 328, Cytec CYMEL 3

- acrylic copolymers, like for example DSM NeoResins+ NeoCry!l A0O81W,
DSM NeoResins+ NeoCryl A1127 , DSM NeoResins+ NeoCryl BT20,
DSM NeoResins+ NeoCryl FL711, DSM NeoResins+ NeoCryl BT26,
DSM NeoResins+ NeoCryl BT36, DSM NeoResins+ NeoCryl BT24,

25 DSM NeoResins+ NeoCryl BT27,

- acrylic/styrene copolymers, like e.g. DSM NeoResins+ NeoCryl XK62,
DSM NeoResins+ NeoCryl XK63, DSM NeoResins+ NeoCryl XK64,
DSM NeoResins+ NeoCryl XK85, DSM NeoResins+ NeoCryl XK101,
30 DSM NeoResins+ NeoCryl XK166, DSM NeoResins+ NeoCryl XK176,
DSM NeoResins+ NeoCryl A633, DSM NeoResins+ NeoCryl A639,
DSM NeoResins+ NeoCryl A662, DSM NeoResins+ NeoCryl A667,
DSM NeoResins+ NeoCryl XK12, DSM NeoResins+ NeoCryl XK16,
DSM NeoResins+ NeoCryl AF10, DSM NeoResins+ NeoCryl FL375,

35 - water soluble fluoropolymers, like for example Asahi Glass FE 4300,
Asahi Glass FE 4400,



35consi st of one or nore conpounds sel ected from pol ynmers, oligoners,

pol ymer precusors or polynerisable materials, including mxtures of any of
- 18 - thwoabavesssnti oned. I n addition they can opti onalPCy/EPeeal4s3dne or
nore additives selected fromcross-Ii nkgbs and catal ysts. Sui t abl e
and preferred polyners, oligonmers and polynerisable materials 5for the
second passivation |ayer include the follow ng: Functional silicone

pol ymers or resins which have for exanple one or nore vinyl functional
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Speci akipty ProtleoRezdaP86),d. Suitable and preferred cross-Iinking conpounds
are for exanple organoreactive silane cross-linkers such as

hydr ogenpol ysi Polyaietheos: bkefaigxannig DS NeoiRagessiNeaRez RVEOW.- H for
exanpl e DOW SYLOFF 7682, Wacker V24, or am no al koxy si | ane cross-1inking
conpounds, | rk@OfQﬁfnéQﬁrP&hémE%W o b?H%ﬁﬂﬁf BrVQUERPIYERRSRI k Dynasyl an AMVO.

- 19 - The fornulations may al so contain vol atl | e corrponents or diluents,
whi ch b d b t b th mul f
e oSS S R SE BRI sl Q. B
5resi dues f r agquebeas ghexat golysocyfanates H(@BayeeBYbydmIBiﬂBﬁﬁ'n BH3108,

component s, 'aQﬁ‘ldWépﬂ?E%1db%SM ﬁbbﬁl‘éfsh% gﬁéﬁqd’ﬁﬂm RS 173 n?Sfte‘é%‘?és used

for synthesis™or Ircation uen of "Vo conponent s
are present, (th\M(Ehmmalﬁ)mrc%ﬁﬁgﬂt[}%l\ﬂll\dﬁpﬁiﬁsmﬁt for rrul ation is preferably
5% or less, very preferably 3% or |less, nore preferably 1% or |ess, nost
10preferab|y 0% Anot her preferred enbod ment{ of the present invention

rel ates.to oPgdable ard ¢ ferrsg§@aaly%ﬁsﬁnplappowghoeglga@tm PR e second
passi vali on kaleric atwnsmerwtr@n@ofoandmeﬁvmhahe@@k\@iam reelinciugd from

alcohol s, kepoge: c1oket afesc. £o! 80 A5, LACE PRS 4bdts Bt GHERT S

gl ycol ether
296-9, Cytec CYCAT XK 350, Cytec CYCAT VXK 6378 N.

Suitable and preferred photoinitiators include, without limitation, 2-
25 Hydroxy-4'-(2-hydroxyethoxy)-2-methylpropiophenone.

Suitable and preferred biocides include, without limitation, 1,2-Benziso-

thiazol-3 (2H)-one (Aldrich), 2-bromo-2-nitropropane-1,3-diol (Aldrich).
30 Suitable and preferred spherical particles include, without limitation, silica
particles and modified silica particles, for example Grace Ludox AS-30,
Grace Ludox AS-40, Grace Ludox SM-AS, Grace Ludox AM, Grace Ludox
HAS, Grace Ludox TMA, Grace Ludox CL, Grace Ludox CL-P, Grace
Ludox FM, Grace Ludox SM, Grace Ludox HS-30, Grace Ludox HS-40,
Grace Ludox LS, Grace Ludox TM-40, Grace Ludox TM-50, Grace Ludox
P X-30, Grace Ludox P T-40, Grace Ludox P W-50), fluorinated particles.

35



Sui tabl e and preferred exanpl es of polar solvents include nethanol,

et hanol , propanol, n-butanol, iso-propanol, iso-butanol, 2-butoxy ethanol,
20acet onaeyogbyioesssh, et hyl ene gl ycol nnnonethyl et her, eChprene/ngisyzol
nonoet hyl ether, ethylene glycol nnnop;aﬁ et her, ethylene glycol

nono-i sopropyl ether, ethylene glycol obutyl ether, ethylene glycol
nmono- phenyl ether, ethylene glycol nonobenzyl ether, diethylene glycol
nono- et hyl et her, diethylene glycol nonoethyl ether, diethylene glycol
nono- n- 25butyl ether, ethylene glycol dinmethyl ether, ethylene glycol

di et hyl ether, ethylene glycol dibutyl ether, ethylene glycol nethyl ether
acetate, et h)ﬂLmablegéry@prefmredtanate |d¢ehmrt|atestuacladeewnmbmrienmm| monobut yl

th t at o] f bl
conpr i a6 of SHBTBEHY BRANE %é 88783 Baporis, PRBRIEay Drer o 2

ol i goners, pd¢Ryokwoqd aamme chﬂqurﬁlaﬁabe)s magmsnaﬂn@luwnumﬂlmeé@ of any
of thegafore
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Nor bor nene p&iwaasier, W%Mr'ﬁ@rﬁ@'ﬁeFH&é@ pYeg apdgnodified gnica (Me#igho r esi ns
}' ke }‘gr heganrw&ﬁné)r Qfich Iﬁ@l&@fm@?ck meﬂlclﬂrairegm)faum.dﬁhwﬂa$pftaﬁ%ggugg$gcne
C%EE 283y EWE’@ Mtlg Hgoﬁ'&eg@(ﬁﬂ“li%gtﬂ@g%@ﬁéﬂ@%yﬁ CYTEC
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U- 80, e sl Agioss B(g e e, R égufﬂf‘r@ S%\)ﬁ}éEr%-gya CYTEC
CYMEL U- 663, appaEtuSylads, opti6sl glayg Emdnz-dglasd), CYTEC 10CYMEL Ul -19-1E,

CYTEC CYMEL Ul -20-E, CYTEC CYMEL U -38-1, CYTEC CYMEL 1170. A particularly
preferred SPPMforrruI ation for the first passivation |ayer, which_ provides

very good or tFliugyinsded splvent baseddermuaiions, cﬁﬁ?&ﬂ%’ééohth?!ﬁrﬁﬁ%ﬁiﬁ K

pol ymer, for |@anpicterbdly) 66 ﬁsé@% &*mEﬁé bptheﬁﬁlla\ﬁ% é&rﬁ?ﬂhﬂ?@@t) or
Cyt op- Q\)'.Q:M from Ashai as t ed s vent ke for exanple

P o B, PeRshAT G aten BE GG a et SMAT TR’ ROV PoPIRETEES: 0ss an SPRM

deposi ti on waslymemnsresheorsied polysietisablefraatariad, iincluiiog mixtpasioi@rytef fir st
passi vation 20 Anotgaer particularly preferred SPPM fornul ati on for

the first paé@%@gﬂ ?B'W’qt'g{? whi ch provides very good orthogonality to the
OSC | ayer, conprises an aqueous sol ution of a hydrophobically nodified

pol yvi ny' al ¢ Miabid S PrérRed SlaMipBSor iRElhakd MRlr¥ctbipasdivion! ) 11 ke
Exceval  HR30 rom _ o )
20 materials include, without limitation, Dupont Teflon AF, Asahi Glass Cytop,
for example Cytop 809 ®, PTFE, FEP, PFA, PCTFE, ETFE, ECTFE,
PVDF, Solvey Hyflon AD60, Solvey Hyflon AD 80, DuPont Teflon AF
1600, DuPont Teflon AF 2400, DuPont Nafion.

25 Suitable and preferred examples of fluorinated solvents include, without
limitation, 3M FC40, 3M FC43, 3M FC70, 3M FC72, 3M FC77, 3M FC84,
3M FC87, 3M FC3283, 3M Novec 7000, 3M Novec 7100, 3M Novec 7200,
3M Novec 7500, Fluorochem Perfluoroperhydrofluorene, Fluorochem
Perfluoro(methyldecalin), Fluorochem Perfluoroperhydrophenanthrene,

30 Solvay Solvay Galden HT-200, Solvay Solvay Galden HT-230, Solvay
Solvay Galden HT-250.

Formulations for the second passivation layer preferably consist of, very

preferably essentially 100%, active material. Such formulations preferably
35 consist of one or more compounds selected from polymers, oligomers,

polymer precusors or polymerisable materials, including mixtures of any of



25Kuraray, which is preferably dialysed before deposition in order to
renove ions. The material is preferably cross-linked with a cross-I|inker
aft er depwei2vienessbor this purpose a cross-linker, for exampb@oayssdOUS

gl yoxal , for exanple as 40% aqueous solution, is added to the formnul ation
preferably before deposition. This pref'é|8r'ed formulation is not only
30orthogonal to the OSC, but al so exhibits good chem cal resistance against
organi ¢ sol vents and m)derate chem cal resistance against water. It can
therefore al so be used for a nonol ayer enbodi ment as descri bed above, which
cont ai ns onl yhe alerementipass %@ﬂ@'ﬁoﬂéﬁ)@f can optigaaleomatmongs Omefggonal and
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second passivation |ayer, which provides very good chem cal resistance, is
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E;S&:;Legoggeg?@l%g@ Ohggr)ﬁ%rg) or po tr\nlvgrelsnab“l:'e ma ena?s tﬂ { Rg\]/éfj%oﬁxcglﬁl & ations
silicone and aliphatic epoxy functionalities, like for example Evonik
20 Silikopon EF,

- moisture activated, low viscosity, solvent-free polydimethylsiloxanes,
like for example Gelest Zipcone CG,

- polymers, oligomers or polymerisable materials based on a vinyllactam-

polyacrylate copolymer, like for example International Speciality
25 Products Gafgard.

Suitable and preferred cross-linking compounds are for example

organoreactive silane cross-linkers such as hydrogenpolysiloxane

containing a high percentage of reactive Si-H, for example DOW SYL-

OFF 7682, Wacker V24, or amino alkoxy silane cross-linking compounds,

like for example Evonik Dynasylan AMEO, Evonik Dynasylan AMMO.

30

Suitable and preferred catalysts include highly active platinum complexes
that aid the thermal curing of addition cross-linking, the wt.% of platinum in
these being for example circa 0.115%, for example Dow Corning Syl-Off
4000, Wacker OL.

35



30- Reducing the interactions by increasing or decreasing the tenperature
of the formulation. For the deposition of a fluorinated orthogonal |ayer
f or mul at iwo 2bowo2essanpl e a tenperature of or around 5C, POI/ERR18QWMBOLS

formulation a tenperature of or around 20C is suitable; - Reduci ng
the interactions by changing the vi scosi1t95r or concentration of 35the
formul ati on. For exanple in case of an aqueous PVA fornulation, - 22 - PVA

concentrations below 5% especially of or around 2% are preferred; -
Coating with a | ow concentration fornulation followed by a higher
concentration formulation, as described above. After deposition, any

sol venttS_ preSﬁrévm_ fdr:ﬁwlﬂétﬁat;fs%w'a@éd @ctbhtgrrﬁvdléﬁféﬁfo@ﬁ;bdr;]érﬂ?wmue{ltst mvrc&fmf l'e by
evapor ati on, ic accel erate rai sin e tenperature for
exanple to Orargmgcegg?r |¥raéﬁ$deb‘8fcaf%we§r?@fgﬁﬂﬁ/f°f@g’rﬁlcﬁb%fhe pressure.
I n anot her prexfaenple dsearbexliihefiprevioushpropguettenand pyvecessmy steps, prasi vat i on

| ayer terigl _of i r |vati 1S cross-1linked
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mai ntai n the g L } 0 i %’ﬁ% ectronic
devi ces duri nfgptgﬁglhtregii\énc?gfnhcigﬁ_ag%%ﬁ}gaifisggﬁ(())?9 ﬁ{rst%d?{a@gui d prrgacrgési ng
stages, esped8IRrgseMotheil MAXERAMGANGENTaLAR &3 the farmidatiamis Rigfssablye,

et chi ng st agesy, grléss, GRny pRferdbly B4 BBlesderre préfralsly 194 or MibsS hikits .
Especi awy prefer rgg{ c?ore sol ution processabl e sem conductor devices or
di odes, '1 n pd'EIAPAY %ol uti on processabl e organi ¢ seni conduct or devices or

organi ¢ di odes. The passivation |ayers can especially be used for device
manuf acturin j r ' - - :
transi stor d%&%@?&ﬁ%ﬁgg%"ﬁ&ﬁﬁeﬁg%?Lhdéqn?§§% ppinrYte}égfg? ?%%F%ﬁ%%@f"n t he
seni conduct orsatveniitiased farmulatians cespacialiydbr thespeeand pgssivatiasy lager,devi ces
are OFETs an j -mbi ' ' n ien of a BG
Dot t om pont ac IR, ofe O mblebbIfy Sderts SERRIEH b SRORRATBora" ° ot
el ectrot® ( 22@tones \AstRyd apHdes.Jasionest Bctam®)glyepls sgiyeolgatharsaandt ri ¢
mat eri al (23Qhixk@ekofithedd ator | ayer), source (S) and drain (D) el ectrodes
(250), a layer of OSC material (240), a first passivation |ayer (261) with
ort hogonal function towards the OSC | ayer, and a second passivation |ayer
(262) w th preuitablé wadfprefarieanexampledsoftgodar@b/drty éncladel mdthandiher devi ce
| ayers, for - - I | hst. fyr si ng
steps or envier”&%ﬁ%'n?gm7&'@%@%’{&#%%@&%@@%;%’&%%? I %J}rgg%fgfe@%}’ati on of
a typi 4 BGacetpnemiycarol, etiviene glysol manomethyl ethenrathylenelgliohg a gat e
el ectrode (3 ' j |
mat eri al (33(?)@ b?g%@gl ?ﬁglrjlcgélp glreﬁ Fé@%‘%‘?‘?ﬁ%@(ﬁﬁggy&%{'bgﬁwr@g‘??'ﬁﬁ?ﬁydé%t rodes
(350), a | aydporfopgiethgrtathyigne @ves!l mepghutyiethels stiydeng glyce) Bioness1) wit h
or t hogonal  f usdnypBtHedV&th§Rerid gy €8IenbAyIsEnzydBther, @i@ﬁwmw@gmbvmn@n layer
(362) with protﬁ]cﬁl\f%f@n tion 1 torvards &}hﬁ ﬁ%SC Ia¥er and t he ot her device
| ayers. Pref dPEHYYCHIRE 8@3’4?'??8 cgk meRgeth ehear Hethviens 9lYSOEMONGy he o
devi ce,25 butyl ether, ethylene glycol dimethyl ether, ethylene glycol diethyl ether,

ethylene glycol dibutyl ether, ethylene glycol methyl ether acetate, ethylene

glycol monethyl ether acetate, ethylene glycol monobutyl ether acetate.

Solvent based formulations of this embodiment preferably comprise of
30 one or more compounds selected from resins, polymers, oligomers,

polymer precusors or polymerisable materials, or mixtures of any of the

aforementioned, which are soluble in the polar solvents.

Examples of suitable and preferred compounds include the following:

35 - Norbornene polymers or norbornene derived polymers,



| i ke the OSC | ayer and the gate insulator |layer, is carried out using

sol ution processing techniques. This can be done for exanple by applying
15a f or mayvetaopmzegdnef erably a sol ution, conprising the @EEEpo1dioeissstric
material, respectively, and further conBrising one or nore organic
solvents, onto the previously deposited payer, fol |l omed by evaporation of
the solvent(s). Preferred deposition techniques include, wthout

limtation, dip coating, spin coating, ink jet printing, letter-press
printing, screen 20printing, doctor blade coating, roller printing,
reverse-rol | er 3pHNATESHES "63ff%re%xamwﬁdgreaaﬁvn%ﬂﬁﬁmgr,neﬂaraw@gr aphi ¢

pri Pti ngéI We|b trtsrhlralaé!gydé;t@f éuz@gwériaminetfbuﬁﬁld@ﬁya?e.ngx?mpleom@rume', nti nﬁ; Very
preferred sol ution Sj.tio e n aphi c
printing and i S%QPQE’?‘%{'?%Q&YEE@@%%@Z ﬁﬁ%maﬁ%ﬁgédeposi t ed

by sol ution pr QEMELRE4, B VEPCYMEAD 125, CYIES GYIMEL dri46f CYAEQi el ectric

materia in on ’ ’ a I . f ' ric

mat er i gl and t@%@é{ﬁ‘%ﬁﬂ% ¢ﬁ§ﬁ%%§ﬁ%2@§éﬁd§§g@hﬁg§% or their
deposi tion, ar €XHeGi@AMEL 688,HoYbh&l CYMEath58t G¥TECRY MELIMIe124l.c
material may a --akakl evanee te i k@bl e
conponent o%/ a%?@ﬁ@ﬁt aLI@quéi@vent SQ%Yr@Egg'Pesg’ gjﬂggmmgrl'o?gr bon

sol vents, ar on@brBEseM &St &Y MEE I URI30REYd EG GIYNMERYEAS, Céé Gc ethers,
acetated, esteyYMERA-BBSSCYREQTEMERT$85, CWIEC UICPg-PTVTEE Of

mul ti - goprponent_ re iéo . I ferr | vent s

I ncl udgﬁcycl oh&Yg%éLg-!l'ﬁ% tél\(ﬁ:& BWQhéﬁf@quﬁQﬁéﬁgfmghﬁﬁégﬂ

t et rahydr of ur aC Y NEB,CYMEL( £170.- 24 - heptanone), cycl ohexanone,

4- et hyl ani sol e, butyl -phenyl ether and cycl ohexyl benzene, very preferably

MAK, butyl phenyl ether or cycl ohexyl benzene. 5The total concentration of
t he respect i veparicularlypaefaradbPEM formulatidgrofanihafirstrpassivationdaygr, y from

0.1 to 30 wt ; f 0 i rgani c

ket one sol ver‘?@cﬁﬁﬁ%@ﬂ%w %d(ﬁq &rtl%o dg};r?tt)y\fgrtgé)a%%:n{%gé&o@ osré%uésye in

sol uti dms f oflupriraied polymer.depgrampie TeflemAFnL00 ovdefos AM248R4irer i s used
as deposi ti omyPsMip®r GYA6pSBOM (fréth At GlassyBirRi A dluoridatalsolierit, fkanpl e

bet ween 1000 _and 2(500rr_p $or er.i od ﬁv\bor ex | e %q seconds to give a
Layer with afeexample|EtAs o pGathom g, Lbdep idedl conditieons 10 af t er api n
coat i}lngI t heI perforrmance tosseart SPRN cmpoeitiemamwlfdwrmwg_ahlwsmg sucreaove a: I
resi dual vo t X I =i ielectric material is
used, it is Eé@@?@ﬁ ¥°e’33!§82é§9 tk%e gisggggg'xgg(gﬁﬁ]awgﬁ el ectromagnetic

(actiniZ®) radiation after deposition, |ike for exanple X-ray, W or visible

radi ation. Fay W Iynd s BPNPR IbHEG [ ngt h of
from50 nm t(%m? I rﬁ%ﬁ%ﬁ%?z@%@f@%ﬁpzozégﬁﬁg 450rEﬁé“ﬁrrF% t S%@'é J(3,_|‘r$abl y from
300 to 400 niRYESUWVhigh| RIoYigdgs menygood orthogonality to the OSC layer, comprises

an aqueous solution of a hydrophobically modified polyvinylalcohol, for
example ethylene modified poly-(vinyl alcohol) like Exceval HR3010 from

25 Kuraray, which is preferably dialysed before deposition in order to remove
ions. The material is preferably cross-linked with a cross-linker after
deposition. For this purpose a cross-linker, for example aqueous glyoxal,
for example as 40% aqueous solution, is added to the formulation
preferably before deposition. This preferred formulation is not only

30 orthogonal to the OSC, but also exhibits good chemical resistance against
organic solvents and moderate chemical resistance against water. It can
therefore also be used for a monolayer embodiment as described above,
which contains only a single passivation layer that serves both as

orthogonal and protective layer.
35



dosages are typically in the range fromfrom25 to 3,000 mJ/cnR. Suitable
radi ati on sources include nercury, mnercury/xenon, mnercury/hal ogen and xenon
| anps, arworoowo2gsmnon | aser sources, x-ray, or e-beam POE/EPZEOSMSEst O
actinic radiation will induce a cross-linking reaction in the
25cross-1inkabl e groups of the dielectr?¢ -material in the exposed regions.
It is also possible for exanple to use a |Iight source having a wavel ength
out si de the absorption band of the cross-1linkable groups, and to add a

radi ation sensitive photosensi i to the cross-linkahle material.

S00pt 1 onal | yARRIigvEN o tee atks BF P forrmulon fo? i safeRd aparaboosur e o

r adi a:j i o]p, ffmyee,mmggnrayid@st\@mgbagwhenficai][regi@félﬁc@, Jsigﬁ,es‘sentia!}ydmﬁl e for a
period o r to. m_nut es ef el roml.to e

anneal i ng st ggb%% acgtfv&/%qrgaop%%e@%%%féﬁ‘%oa{ﬁn@éerﬁe{prte a {t{tﬁ)g\?ﬁ( )

cross- | i nki n@Ffedae81-©30twith crass-limdudé&82mnd tatalyspd®00e of the cross-

35l i nkgbl e groups of the dielectric material to photoradiation. WO

2011/ 026550PCT/ EP2010/ 004835 - 25 - All process steps descri bed above and
bel ow can beA@@thermﬁrbwladxpr@fekr@&/ﬁPP&/b%ﬁwiaéprafm the speend equi pnent

whi ch are depggsipston [hyer ! Which JrodidésRdVEHmikBPNIidtanéd &cotlipridedda Per son.

For exanple, in the phaoto-irradiation step a, comerci al | val l able WV | anp
and phot onasK&&hiPrEE E§ 2N 185N JRREXATRIP gﬂ?y? é)ﬁ'ﬁ‘eﬂ)p@%él"? 8d out in an
oven or on ashighblglsatvent Tioe ekbpie assalodhdl o of miatiteooban biyotios andtaher t han

t he paggi vatjon | ayers, in an Vi cordin o.th r t, - .nvention
is pr e13 Qr abl beﬁr‘gnﬁge ﬁrﬂ‘k’ﬁtwecqﬁjtgﬁo g%ﬂﬁé“@%‘?l) 8f gyﬁf“ g%&e\?z‘ﬁ@'@r'gf erably
from 1 nm t owategmand referablydtidhebtgmprises namrtroofadditived/aeleotesd
substrates : rgpg,’ i CE devi ces, for exanple glass
or plasti cs,rrﬁépggﬁbz&;&rm (gir'fliéa}ssaf el %gﬁ r g(rgr'ed, exanpl es i ncl udi ng al kyd
resins, allyl esters, benzocycl obutenes, butadi ene-styrene, 15 cell ul ose,

cel | ul ose acat el oRBS EordRPNY tRODYITRNBInVEhh Se SRSatioh hhteared

71 uor 003 bonCBAFRAIEcHa {hF UBR BB 89 PUREDIRDP AU ANWR BIIB8 B0pol y o

hi gh densi t yinetidied byt aoelimped o éfiejet peihtiagl dip .coatihyi spiflecoatingyfieam d,

pol ydi et hyl si.l xane, @ol %et hersuléhone quo!’ﬁ{‘- et hél ene ﬁoltx- 20

et hyl enenaphPHﬁ nq.Jr ¥ rIey 'i"htﬂﬂger?gf ?%BH? ' g,a"-b P?Ii'&q’o emner

pol yret hyl netraditiopbbprnting loy privdipbearel ceatings tgahaiguesol ysul phone,

pol yt etraf| uor oet hyl ene, pol yurethanes, polyvinylchloride, silicone

rubberé and_silicones. Preferred substrate materials are

pol yet BPI eneTerapintaiaitae devise ReFRIRANCESRIIRT qepopdialyeiihedPRihiardbe. The

SUPSt r alt e ”?_ﬂrs@%a@@i%&aﬁbﬁﬁye‘?, !llﬁ‘ét@&ﬁtébt, tirglétaﬂh I@%el%fﬂﬁﬁerﬁ%rﬁgem@h the al(:j)ove

2l ot i P Shitufe S R Elafon AbuliPoritSrady B2 Hiniiseds 1 © 990
Suitbale and preferred methods for minimising contact time and

interaction levels include the following:

25 - Reducing the contact time by speed coating at high speed with high
acceleration. For spin coating of the orthogonal layer suitable and
preferred speeds are for example between 500 and 5000rpm at
accelerations between 1000 and 6000rpm/s;

30 - Reducing the interactions by increasing or decreasing the temperature

of the formulation. For the deposition of a fluorinated orthogonal layer
formulation for example a temperature of or around 5°C, for an
aqueous formulation a temperature of or around 20°C is suitable;

- Reducing the interactions by changing the viscosity or concentration of
35 the formulation. For example in case of an aqueous PVA formulation,



substrate may al so be uniformy pre-aligned by extruding, stretching,

rubbi ng or by photochem cal techniques to induce the orientation of the
300r gani cweanmwmeduct or in order to enhance carri er nobipCTIEP2010/0€4835

el ectrodes can be deposited by liquid coating, such as spray-, dip-, web-
or spin-coating, or by vacuum depositi o”Zor vapor deposition nethods.
Suitable el ectrode materials and deposition nethods are known 35to0 the
person skilled in the art. Suitable el ectrode mat eri al s i nclude, w thout
limtation, i nor ani ¢ or organic naterials, ﬁangosmgzs of the two. - 26
_ Exanpl es for PMh cansentsatinschelpWor e pERECiBIEORRE orfRfPude

pol yani |l i ne, p@}éﬂfgyr@aol e, PEDOT or doped conjugated polyners, further

di spersions or pastes of graphite or particles of nmetal such as Au, Ag, Cu,
A, N or thei Cgatin ummaaéwvmjriceaﬁraﬂout&bmnulan@m éolloweckbppdiighed net al s

such as Cu, Cr oxi diumtin oxide (1TO.

Or gano taI | CCBPE%T}F%[(‘J? %tf% a% 2@8%’@’% ed froma |liquid phase.
The OSC nmaterial s and net hods for applying the OSC | ayer can be sel ected
from standar =1 ; n’RlTé in the
art, and are 5@? ngi&'% Qﬂxe \{éﬁﬁgﬁ}%w"? ﬂ1ef:fabz tw&%w ces, where
t he OFET |ayeempgeq;]foosxamnlem;evfa@oaailqn, vétich canpecacysteraled by raisindoe

deposi ted by r ﬁ.gﬂé spt Jorom a
solution. Pr el?{er red %%s@%? eXgl Ilt:(SE'?prarggf?é |aﬁsﬁiﬁrgﬁjergtdg?g?hgngﬁglo 5

cRV- 1s.1. TR redecing tigddepsiexanpl e as the active channel material in an
OFET or Iayer el ement of an organic rectifying diode. OSCs that are

a6 20pr ef o 4 POl FytertiteRfahenf B Pre A Eh e, b€ eBES VB0,
liquid coati n@/drenmenqtmf tHenfirsi andhbe sesohd passivatios dayaniis aetdss-linked OSC may

optional ly beaGUNEL ALY AR ASHORY! Final Ber RGBS oRaRaS! iy

al so be a co € same types of sem conductors.
Further rmre a p-type channel material may, for exanple be mxed with

n- type mat er 'ﬁies éé%rlvétfb‘ﬁ I%Pé!%céc&frdiﬁ F’cbﬂﬁetdﬁésérﬂMﬁﬁentMH édnl B¥®ised to

sem conduct or be use For "ex S uct.or may be
intrinsic nedpaip ﬂ?% mta%w ang nctiea Oéﬁﬂyé(ﬁiﬂ&ﬂ QrO&SB%%T?@S?%FPrH%n

addi tional ly dé@ufe@ammgweﬁr uhtzentdlea amiITcaﬁén or faytesr. ligid PrecesSiigay be a
nmonomeri ¢ conpound on r or

nmacr onol ecul Sf29%n egp?algﬂgrphg oqgh%pyﬁﬁprogﬁgge#l% %?Iggnﬁ?g%é%{g?bn or bl end
cont ai ni ng omrtching stages; sppoooating erietingddévelaping becuting stagesof snal |

mol ecul2és and pol yners.

Especially preferred are solution processable semiconductor devices or

diodes, in particular solution processable organic semiconductor devices

or organic diodes. The passivation layers can especially be used for

device manufacturing by solution processing of n- or p- type bottom gate

transistor devices with top or bottom contact, in particular wherein the
semiconductor comprises an organic material. Especially preferred

devices are OFETs and organic TFTs.

25

Figure 2 is a schematic representation of a BG, bottom contact OFET
according to the present invention, including a gate electrode (220)
provided on a substrate (210), a layer of dielectric material (230) (gate
insulator layer), source (S) and drain (D) electrodes (250), a layer of OSC
material (240), a first passivation layer (261) with orthogonal function
towards the OSC layer, and a second passivation layer (262) with
protective function towards the OSC layer and the other device layers, for

30

35



- 27 - In case of nononeric conpounds, the OSCis preferably a conjugated
aromati c nol ecule, and contains preferably at | east three aromatic rings.
Pr ef err eawoenommesise OSCs contain 5, 6 or 7 nenbered ar omatiEP201i000:835 and
nore preferably contain 5 or 6 nenbered aromatic rings. Each of the
aromatic rings optionally contains one- 8% -nore hetero atoms sel ected from
Se, Te, P, Si, B, As, N, 0 or S, preferably fromN, 0 or S. The aromatic
rings may be optionally substituted with al kyl, al koxy, 10pol yal koxy,

t hi oal kyl, acyl, aryl or substltuted aryl roups, hal ogen, particularly
fluorine, cyaxymPle @9@“& damaggtgasised| By Gg§fp QRESENIRERASX Y or tertiary
al kyl am ne ogn@fodmehttinfRizneeented by -N(R3) (R4), where R3 and R4 each

i ndependently is H optionally substituted al kyl, optionally substituted
aryl, al koxy or polyal koxy groups. Wiere R3 andR4 is al kyl or 15aryl these
may be opti oRijune 3 isi@schetnatic répesentationneiya twm:aitBGmplqorﬂam@FE'rl' may be

I_:\l?:;e;%vm 'RR Coﬁﬁlgg@\ﬁr%ﬂ é'ﬁlﬁhglgdﬁ{gogﬁf%%%@degé%é%.epenéjent ) represent
H d, F, Csmosttraie (Bd0kra yer ki dieigaing smatanali (330x(gate disulatar kgyeryr oups; R
represents Hg gr%te'(@?%lnldy(?r%ﬂﬁgf) él%ﬁggéé gyéo)oél Héfr@ébymﬁfé?%tl (340) eg aryI

Where R is a uori nat ed Fur

preferred OSﬁ)‘Sé@ﬁﬁélt\!ﬁtl@n .lamrdaémwﬁb&nmgonal f@@ﬁ@ﬁé"‘&ﬁ@%@&e@ﬁ@at i ves of

ol ymer s sucl L ] B e oy | cne).

Bol ¥f||]| renetq pgdh%@g@%ﬂ%ﬁ@)&ﬁ Wgéé’e(‘f@ﬁj%g%ﬁsedyhydrocar %on pol ymers:

condensed aromati c hydrocarbons such as tetracene, chrysene pent acene,

o1 Gomer | o pEraRLEiNT decnspRe iR oler oRtha A R o B 5 UEegm) 1o

p- qui nquephetile tHeOSY) lay@rsaeodltpheg@te ingul@py |ayer, |scﬂaum>¢<bostmsmgt ut ed -

pol y( - subst CeEH WReSah 9?‘5**’%@ JHE Boh b Rt R cxaitho bR wppiving

optiondPly satfetmulatien, Bfﬂf?'ﬁh')éﬁ t@anPmPéﬁmgnﬁ‘e @pG Wn‘é'?left%subst i tuted

pol yt hi eno[ 3n?atéa|é|hré§$&ﬂee| Pahy ferteesdrnpréing orkl GNMBReBRYanic

pol ybenzot hi OBR%RFS on o IeS 8Fervlg§s? %QSQStecP %'yé?%ﬁé‘ﬁé Ibtyuetv%%o?gtfornogfe )
the solvent(s). Preferred deposition techniques include, without limitation,
dip coating, spin coating, ink jet printing, letter-press printing, screen

20 printing, doctor blade coating, roller printing, reverse-roller printing, offset

lithography printing, flexographic printing, web printing, spray coating,
brush coating, or pad printing. Very preferred solution deposition
techniques are spin coating, flexographic printing and inkjet printing.

25 Preferably the insulator layer is deposited by solution processing, very
preferably using a solution of the dielectric material in one or more organic
solvents. Preferably the dielectric material and the OSC material, and the
respective solvents used for their deposition, are chemically orthogonal to
each other. The dielectric material may also be cross-linkable and/or

30 contain a cross-linkable component or additive.

Suitable solvents are selected from hydrocarbon solvents, aromatic
solvents, cycloaliphatic cyclic ethers, cyclic ethers, acetated, esters,
lactones, ketones, amides, cyclic carbonates or multi-component mixtures
35 of the above. Examples of preferred solvents include cyclohexanone,
mesitylene, xylene, 2-heptanone, toluene, tetrahydrofuran, MEK, MAK (2-



- 28 - poly(3-substituted pyrrole), poly(3,4-bisubstituted pyrrole),

pol yfuran, polypyridine, poly-1, 3, 4-oxadi azol es, polyi sothi anapht hene,

pol y( Nsubwoi2ourozessani | i ne), pol y(2-substituted aniline) pcpapry¢i8qe4sbst i t ut ed
aniline), poly(2,3-bisubstituted aniline pol yazul ene, pol ypyrene;
pyrazol i ne 5conpounds; pol ysel enophene;” bl ybenzof uran; pol yi ndol e;

pol ypyri dazi ne; benzi di ne conpounds; stil bene conpounds; triazines;
substituted netall oor netal -free porphines phthalocyanines

fl ht hal th f Co and
TP SRR, cBbah g PRyl TR LY A 2,
diaryl-1,4,5 c&clc&mmﬁmhen%mpmf&{abwwpd(c batyil lphéeylaetdef buor o

derivati ves; dy ﬂJ subst ituted dialkyl, diaryl or substituted
diaryl 3,4, 9 6 pery enet et r acar boxyl i cdii m de; bat hophenant hroli ne;
di phenoqui nones; 1, 3, 4- oxadi azol es;

11,11, 1, 12-t Wﬁ

a, al- bi s(dlth-?r‘eno 3, 2- it (?ﬁﬁ%?%%}@ﬁ%éh@@&gnﬂl Eq)éte”asldgst??tut ed

di al kyl, 15 dPHRY atigh 'alpéq?fl@ﬁéj from r1aH31 |V‘6p'ﬁeﬁ@fera ly from 0.1 to 5 wt

2, 2' - bi benzo[d%, &rpaﬁu,cﬁfd:rloi bhicohieme soNeafLhitR @ mgﬁwn@%cﬁhﬁaﬁéﬁose from

he above | d 5 I
Sol vent s, EspobER @gﬁe%i%%éﬂvséinaefyt@aﬁﬁ% ilet 2nd FRSgrRANC BFNEBRo1 y e s

20conprising one or nore repeatl ng units selected fromthiophene-2,5-diyl,

3- subst4 10 e%@h%@ﬂ?@gaﬁn@ {éd g@g@BEﬁphﬁnéfﬁ%ﬁt e 'bE bPLR Ae 3

b]thlop ene-
t hi eno[ 3, 2- bjmatesishisnepd) BnrcﬂXﬁmple&eme@héﬂéoarﬁt 20§0rpmofor 3 pertied of ut ed

sel enophene- 2fon5ﬁ5?ér¥nble 3BlecbAgs tcP RS [/r With &m%r%ﬁ REgstituted

ol i goacenes SUC entacene, racen or. ant et erocyclic

derivatives tofiwesn, Opﬁl%él (% ]Hmbf\ﬁ?'f $pipIgeptisg the SiMpapibe heatedatan or 5, 11

bi s(trial kyl sdibyatetihgmperatuné ko asthbbe @nh@ﬁeuamlsheayowemél onal |y further
substit4g ed, as disclosed for exanple in US 6,690,029, WD 2005/055248 Al or

US 7,3857221. 30 In another preferred enbodi nent of the present invention
the OSC | ay erlf e onpss-brisahie eielectromeaterighisi usdd, itde psefecatzyjexposed éo

rheol ogi cal pLoReSA b8§ 3r deet Hﬁﬁﬂﬁ |9r(a&f?ﬁv\5,?¥a9|dtﬁnv¥ﬁeg% ogﬁ%%gb@

particul ar an organi nde ermtuttivit
3.3 or less. fgsemplﬁ Xcr@y, HY ervigibtectadiations xenfni@,rﬁctmlc radiation

pol y(a- met hyl gfyisitPhavin§@ #8veleRgfreOFsH S3MLEY ASFRRP preferably from

20 200 to 450 nm, most preferably from 300 to 400 nm. Suitable radiation
dosages are typically in the range from from 25 to 3,000 mJ/cm?. Suitable
radiation sources include mercury, mercury/xenon, mercury/halogen and
xenon lamps, argon or xenon laser sources, x-ray, or e-beam. The
exposure to actinic radiation will induce a cross-linking reaction in the

25 cross-linkable groups of the dielectric material in the exposed regions. It is
also possible for example to use a light source having a wavelength
outside the absorption band of the cross-linkable groups, and to add a
radiation sensitive photosensitizer to the cross-linkable material.

Hzof

30 Optionally the dielectric material layer is annealed after exposure to
radiation, for example at a temperature from 70°C to 130°C, for example
for a period of from 1 to 30 minutes, preferably from 1 to 10 minutes. The
annealing step at elevated temperature can be used to complete the
cross-linking reaction that was induced by the exposure of the cross-

35 linkable groups of the dielectric material to photoradiation.



- 29 - polyvinylcinnamate, poly(4-vinylbiphenyl) or poly(4-nethylstyrene,

or blends thereof. The binder may al so be a sem conducting bi nder sel ected
for exanpwe 2briaxsgol yar yl am nes, pol yfl uorenes, pol ythi ephares/004835

pol yspi robi fl uorenes, substituted pol yvi nyl enephenyl enes, pol ycarbazol es
S5or pol ystil benes, or copol ymers thereoBd-A preferred dielectric materi al
(3) for use in the present invention preferably conprises a material with a
low permittivity of between 1.5 and 3.3 at 1000Hz, such as for exanple

Cyt opTnBO9m avai | abl e from Asahi d ass. 10Unl ess the context clearly

i ndi cates ot Hekpiosess stepssirschbediaboyeand belgwnean be carTiedprEUSiBgei n are to

be construed k%wnrtel:Hthastdm ﬁbﬁaaﬂ@éqdlgwn@whm SR HB&&ded ih pHdriarbe
appreci ated that variations oi n pr'[ent s, of the 15i nvention

can be rmade @ arewel|- kncP»é(thﬁ@evﬁMlﬁ& $RN- %&5 end thaphei9on. Each
feature di sclipagidtion stép & copanefdiaipt amilablmuvsanﬁi ah@ghotdmeask san bemy be

I db | f al
pur poss. Thudiseinpad e ahfgaited RishgLb catfbd B n A TpERh el
exanple only of a generic series of equivalent or simlar features. 20 All

of the featurgs t‘ﬂ'@(ﬁ%%%‘?tﬁ%‘fdﬂﬂh% n3PEGELd, 6idiANalTe PasSRERLAREdrS, iANY

conbi nati on, exce conb | east sone
and/ or steps G&Y@Erﬁﬁm pocedingita the. presepidnvertignis, prefRraplyeren: eanty eat ures

of the inventjpihgy & @H’Fﬂdd?é%r?td 90 rh, TP Préferably P HNUANGI1OImand may be

25used ,in any conbi nat] on kew se, features described in non-essenti al
conbi néhQ ons Mest riefaiakly E‘%’Bé%\?‘etpys B®-in conbination). It will be

appreci ated that many of the features described above, part i cuI arly of the
D e e TP TR oy, YR Lo T e R0, B0 5t o5
be sought f orexahgde glaﬂstmlrpiasilcs aﬁhhtmsmmteualsrb@lhg@raﬁsrnedeekamlgs i nvention
presently cl %aﬁgmg %@péls%g%ﬁépgﬁgé Fbpe%%g{lagﬂél%ﬁeé, §|9ta‘diene-styrene,
15 cellulose, cellulose acetate, epoxide, epoxy polymers, ethylene-chloro-
trifluoro ethylene, ethylene-tetra-fluoroethylene, fibre glass enhanced
plastic, fluorocarbon polymers, hexafluoropropylenevinylidene-fluoride
copolymer, high density polyethylene, parylene, polyamide, polyimide,
polyaramid, polydimethylsiloxane, polyethersulphone, poly-ethylene, poly-
20 ethylenenaphthalate, polyethyleneterephthalate, polyketone, polymethyl
methacrylate, polypropylene, polystyrene, polysulphone, polytetrafluoro-
ethylene, polyurethanes, polyvinylchloride, silicone rubbers, and silicones.

Preferred substrate materials are polyethyleneterephthalate, polyimide,
25 and polyethylenenaphthalate. The substrate may be any plastic material,

metal or glass coated with the above materials. The substrate should

preferably be homogeneous to ensure good pattern definition. The

substrate may also be uniformly pre-aligned by extruding, stretching,

rubbing or by photochemical techniques to induce the orientation of the
30 organic semiconductor in order to enhance carrier mobility.

The electrodes can be deposited by liquid coating, such as spray-, dip-,
web- or spin-coating, or by vacuum deposition or vapor deposition
methods. Suitable electrode materials and deposition methods are known
35 to the person skilled in the art. Suitable electrode materials include,
without limitation, inorganic or organic materials, or composites of the two.



The follow ng paraneters are used: [tis the charge carrier nobility Wis
the length of the drain and source el ectrode (al so known as "channel

wi dt h") Skpetiresibst ance between the drain and source eceare®@d®o{sas SO
known as "channel length") ID's the source-drain current Co is the
capacitance VGis the gate voltage (in-2-10VD is the source-drain voltage
VT is the threshold voltage Unl ess stated otherw se, all values of physical
parameters as given above and below, |ike the permttivity (6) or charge
carrier nmobility (0, refer to a 15tenperature of 20C (+/- 1C). The

mol ecul ar welEaMmpies farisyitablescenduqten ynelestroge materialsviaclyde nelaniline,
mol ecul ar mg@!}@gw W@b%@e@@@ﬁ@@%ﬂﬂ%@?@ fliRhér é}HFéﬁé%@s gpl vent

agai nst pol yst ne standards vestigation of the sol vent

i npact on BGPester ofarpphite 9(’)PBE§'C¢§@¢f @@ﬁ'@&§h\ﬁ@r%UpAQpGPeﬁ Mtheing t he

I gl | owi ng Cg?‘i’ﬂ?ﬂlﬁé\é s waeliaRd §pt§ﬂ@fdc{a¥é|@ oﬁbvéﬂ)or@t@@ﬁﬁ&dlsbiuoﬁlvwwua%rﬂo3181
rough a s el ec a Cc i si.con

(from Nerck %%or étal oXidks ‘é%h?%ﬂ’ ?X@%éﬁ%wﬂ{ﬁa nofgal ﬁrel ng by

254 nm WV i r pas@irsors, may'asdmr be used dﬁp@isneetfmm adidesd phagg prepared by

evaporation through a shadow nmask, a sel f-assenbl ed nonol ayer of Merck

Li sicon TM M)O1 (from Merck K&GA), applied to the el ectrodes by spin
coating, andThe OSC materials and methods for applying the OSC layer can be

selected from standard materials and methods known to the person skilled
10 in the art, and are described in the literature.

In case of OFET devices, where the OFET layer is an OSC, it may be an

n- or p- type OSC, which can be deposited by vacuum or vapor

deposition, or preferably deposited from a solution. Preferred OSCs have
15 a FET mobility of greater than 1x10™° cm?V''s™.

The OSC is used for example as the active channel material in an OFET
or a layer element of an organic rectifying diode. OSCs that are deposited
by liquid coating to allow ambient processing are preferred. OSCs are

20 preferably spray-, dip-, web- or spin-coated or deposited by any liquid
coating technique. Ink-jet deposition is also suitable. The OSC may
optionally be vacuum or vapor deposited.

The semiconducting channel may also be a composite of two or more of
25 the same types of semiconductors. Furthermore, a p-type channel material
may, for example be mixed with n-type materials for the effect of doping the
layer. Multilayer semiconductor layers may also be used. For example the
semiconductor may be intrinsic near the insulator interface and a highly
doped region can additionally be coated next to the intrinsic layer.
30
The OSC may be a monomeric compound (or "small molecule”, in
contrast to a polymer or macromolecule), an oligomer or a polymer, or a
mixture, dispersion or blend containing one or more compounds selected

from either or both of small molecules and polymers.
35



an OSC | ayer prepared by ink-jetting of a solution of the OSC 30conpounds
2,8-difluoro-5, 11-bis(triethylsilylethynyl)anthra[?2, 3-b: 6, 7-b] dithiophene
and 2, 8- dvblaooresso11- bi s(triethylsilyl ethynyl)anthral 2p81/EP2010/004835

in mesitylene. WO
2011/ 026550PCT/ EP2010/ 004835 - 31 - TheZ2devi ce performance of the 50 pm
channel devices before and after sol vent exposure was quantified by
measuring the source-drain current and transistor nmobility as a function of
the gate voltage. The gate voltage was neasured between 20 and -60V by

usi ng an Agi llecasd b m@wmedosampoundgathen@BSEr isprefgrably. a‘Fﬁ@JU@é‘t&d:e

b: 7, 6-11di t hi ophene (as a 50/50 m xture of both isoners)

A 1 onal |y L HE RAOE %v?ﬁgr%é‘?ﬁ‘ﬁstp‘?“eﬁ%@?“%@“%

USI n

srent
he

standard t hi rPreferrﬁd OO O&ﬁﬁa@cpr&ﬁm( )6 o |m9mbere¢>|am(atlﬁytpg% VT) VD-

VD2 1\ 2 whefrR hbrd prfBratsly 8bAtafit5'®8 mehtbdredtdiBnfaiRafidsance,
devi ce ;aspect ratio, VGis the source drain voltage, VI is the threshold
voltage and VD is the Drain-Source Voltage. The results are shown in Table

1 bel ow. Tablgach of thel arentatici rivegr optiondily cynteifie baermmere ketecor@iahs
selected from Se, Te, P, Si, B, As, N, O or S, preferably from N, O or S.

The aromatic rings may be optionally substituted with alkyl, alkoxy,
10 polyalkoxy, thioalkyl, acyl, aryl or substituted aryl groups, halogen,
particularly fluorine, cyano, nitro or an optionally substituted secondary or
tertiary alkylamine or arylamine represented by -N(R*)(R?), where R*and
R* each independently is H, optionally substituted alkyl, optionally
substituted aryl, alkoxy or polyalkoxy groups. Where R*>and R* is alky! or

15 aryl these may be optionally fluorinated.

WL is the

The rings may be optionally fused or may be linked with a conjugated
linking group such as -C(T")=C(T?-, -C=C-, -N(R')-, -N=N-, (R")=N-, -
N=C(R’)-. T'and T?each independently represent H, Cl, F, -C=N or lower

20 alkyl groups particularly C1.4 alkyl groups; R' represents H, optionally

substituted alkyl or optionally substituted aryl. Where R' is alkyl or aryl

these may be optionally fluorinated.

Further preferred OSC compounds include compounds, oligomers and

25 derivatives of compounds selected from the group comprising conjugated
hydrocarbon polymers such as polyacene, polyphenylene, poly(phenylene
vinylene), polyfluorene including oligomers of those conjugated
hydrocarbon polymers; condensed aromatic hydrocarbons such as
tetracene, chrysene, pentacene, pyrene, perylene, coronene, or soluble,

30 substituted derivatives of these; oligomeric para substituted phenylenes
such as p-quaterphenyl (p-4P), p-quinquephenyl (p-5P), p-sexiphenyl (p-
6P), or soluble substituted derivatives of these; conjugated heterocyclic
polymers such as poly(3-substituted thiophene), poly(3,4-bisubstituted
thiophene), optionally substituted polythieno[2,3-b]thiophene, optionally

35 substituted polythieno[3,2-b]thiophene, poly(3-substituted selenophene),
polybenzothiophene, polyisothianapthene, poly(N-substituted pyrrole),



after 3mn solvent exposure Performan- ce |loss Water 1 1 0% 9% Cyt op- 809M
FCA3 (1) 0.36 0.37 0% Ethylene glycol 1 0.85 15%FC 43 0.7 0.5 30%
Di et hyl erwogbyionbsso PCT/EP2010/004835
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poly(3-substituted pyrrole), poly(3,4-bisubstituted pyrrole), polyfuran,
polypyridine, poly-1,3,4-oxadiazoles, polyisothianaphthene, poly(N-
substituted aniline), poly(2-substituted aniline), poly(3-substituted aniline),
poly(2,3-bisubstituted aniline), polyazulene, polypyrene; pyrazoline

S compounds; polyselenophene; polybenzofuran; polyindole; polypyridazine;
benzidine compounds; stilbene compounds; triazines; substituted metallo-
or metal-free porphines, phthalocyanines, fluorophthalocyanines,
naphthalocyanines or fluoronaphthalocyanines; Cgo and Cyq fullerenes;
N,N'-dialkyl, substituted dialkyl, diaryl or substituted diaryl-1,4,5,8-

10 naphthalenetetracarboxylic diimide and fluoro derivatives; N,N-dialkyl,
substituted dialkyl, diary! or substituted diaryl 3,4,9,10-perylenetetra-
carboxylicdiimide; bathophenanthroline; diphenoquinones; 1,3,4-
oxadiazoles; 11,11,12,12-tetracyanonaptho-2,6-quinodimethane;
a,o'-bis(dithieno[3,2-b2',3'-d]thiophene); 2,8-dialkyl, substituted dialkyl,

15 diaryl or dialkynyl anthradithiophene; 2,2'-bibenzo[1,2-b:4,5-b'ldithiophene.
Preferred compounds are those from the above list and derivatives thereof
which are soluble in organic solvents.

Especially preferred OSC compounds are polymers or copolymers

20 comprising one or more repeating units selected from thiophene-2,5-diyl,
3-substituted thiophene-2,5-diyl, optionally substituted thieno[2,3-
bjthiophene-2,5-diyl, optionally substituted thieno[3,2-b]thiophene-2,5-diyl,
selenophene-2,5-diyl, or 3-substituted selenophene-2,5-diyl.

25 Further preferred OSC compounds are substituted oligoacenes such as
pentacene, tetracene or anthracene, or heterocyclic derivatives thereof,
like 6,13-bis(trialkylsilylethynyl) pentacene or 5,11 bis(trialkylsilylethynyl)
anthradithiophene, which are optionally further substituted, as disclosed
for example in US 6,690,029, WO 2005/055248 A1 or US 7,385,221.

30
In another preferred embodiment of the present invention the OSC layer
comprises one or more organic binders to adjust the rheological properties
as described for example in WO 2005/055248 A1, in particular an organic
binder which has a low permittivity ¢ at 1,000 Hz of 3.3 or less.

35

The binder is selected for example from poly(a-methylstyrene),



0.7 0.4 43% 9% Cyt op-809M FC43 (2) 0.65 0.35 46% 9% Cyt op-809M FCA3 (3)
0.89 0.43 52% Sul fol ane (4) 0.625 0.0951 85% Propyl ene Carbonate 0.806
0. 0968 88¥ol2sopneyl al cohol 0.64 PCT/EP2010/004835
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polyvinylcinnamate, poly(4-vinylbiphenyl) or poly(4-methyistyrene, or
blends thereof. The binder may also be a semiconducting binder selected
for example from polyarylamines, polyfluorenes, polythiophenes,
polyspirobifluorenes, substituted polyvinylenephenylenes, polycarbazoles

5 or polystilbenes, or copolymers thereof. A preferred dielectric material (3)
for use in the present invention preferably comprises a material with a low
permittivity of between 1.5 and 3.3 at 1000Hz, such as for example
Cytop™809m available from Asahi Glass.

10 Unless the context clearly indicates otherwise, as used herein plural forms
of the terms herein are to be construed as including the singular form and
vice versa.

It will be appreciated that variations to the foregoing embodiments of the

15 invention can be made while still falling within the scope of the invention.
Each feature disclosed in this specification, unless stated otherwise, may
be replaced by alternative features serving the same, equivalent or similar
purpose. Thus, unless stated otherwise, each feature disclosed is one
example only of a generic series of equivalent or similar features.

20
All of the features disclosed in this specification may be combined in any
combination, except combinations where at least some of such features
and/or steps are mutually exclusive. In particular, the preferred features of
the invention are applicable to all aspects of the invention and may be

25 used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).

It will be appreciated that many of the features described above,
particularly of the preferred embodiments, are inventive in their own right

30 and not just as part of an embodiment of the present invention.
Independent protection may be sought for these features in addition to or
alternative to any invention presently claimed.

The invention will now be described in more detail by the following examples,
35 which are illustrative only and do not limit the scope of the invention.
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The following parameters are used:

p is the charge carrier mobility

W s the length of the drain and source electrode (also known as
"channel width")

L is the distance between the drain and source electrode (also known
as "channel length")

Ip is the source-drain current

Co isthe capacitance

Vs is the gate voltage (in V)

Vp is the source-drain voltage

Vr is the threshold voltage

Unless stated otherwise, all values of physical parameters as given above
and below, like the permittivity (¢) or charge carrier mobility (i), refer to a
temperature of 20°C (+/- 1°C). The molecular weight of oligomers and
polymers means the weight average molecular weight My, which can be
determined by GPC in a suitable solvent against polystyrene standards.

Example 1: Investigation of the solvent impact on BG OFET devices V

BG OFET devices were prepared comprising the following components

- a gate electrode of Al prepared by evaporation through a shadow mask,

- a gate dielectric layer of Merck Lisicon™ D181 (from Merck KGaA)
prepared by spin coating and then cureing by 254 nm UV irradation,

- source and drain electrodes of Ag prepared by evaporation through a
shadow mask,

- a self-assembled monolayer of Merck Lisicon™ MO001 (from Merck
KGaA), applied to the electrodes by spin coating, and

- an OSC layer prepared by ink-jetting of a solution of the OSC
compounds 2,8-difluoro-5,11-bis(triethylisilylethynyl)anthra[2,3-b:6,7-b"]
dithiophene and 2,8-difluoro-5,11-bis(triethylsilylethynyl)anthra(2, 3-
b:7,6-b'ldithiophene (as a 50/50 mixture of both isomers) in mesitylene.

The devices were exposed to different solvents for 3min. The linear mobility
of the devices before and after the solvent exposure was compared.



100% (1) spin coated WD 2011/026550PCT/ EP2010/004835 - 32 - (2)

I nk-jetted, Merck MDO1l applied for 15s (3) ink-jetted, Merck MOl applied
for 1m n wO2piiveesmosol id at RT and had to be warned to PeTEPeadoand3s 0 be
removed fromthe device after solidifying. The results show that only water
and fluorinated solvents are orthogonat 3flec the OSC and do not cause any
performance | oss due to possible dissolution of the OSC, whereas the other
solvents lead to a significant performance | oss of the device caused by

di ssolution of the OSC. Exanple 2: Double passivation |ayer for optinmum
chenmi cal resiTseairvice performmer: of &@55Mn@cgar§¢%lrd@wqeéraﬁfpée agd @ffer f ol | owi ng

components asgRkAt 6&%&5@%@@&%%@ F@hs@hn@‘tﬁ@%b@?d@ﬁrélﬁbg%lﬂta shadow
mask, 15- a gate dlelecrlc yer of LISIC fror?Merck

KGaA) prepar @adiiansistar gkl IM@S%E"@HPF Qﬁt 9%*8.\/:9! PER, source

and drain el wasrméaﬁu@fd BStWIeRIPZ0 addbaw\b@w@g aamg.lernougasa shadow mask,
a sel f rassenbl ed <g@f{l ﬂ'ye%arﬁ{/nestﬁfmk Li sicon MDO1 (from Merck 20K&A),

app! i ed to tRETHF AN@¥4fi'ng, and - an OSC | ayer prepared by
spin coating a solution of the OSC conpounds

2,8-difl h
and 2I 8- 3?1[ Fﬁ?@é&[%ﬁéﬁ?%@%W%sﬂg}?ﬁ[ﬁ%ﬁyny g\[gfrﬁﬁgpf%\zggb gfé'm ophene
bl di t hi ophenen(asrentsddditionalty thfehmﬁarbiﬁvhﬁei BOhHit Jrd Wasdesived dyzesieg 25and
cycl opent anoky, ééf)@rﬂfara HilfirhQrandiiot equagplty as a sol vent. The devices

wer e pgbm vat ed a dou | ayer appro Irst a fluorinated orthogonal
passivation material (9% Asahi G ass Cytop- 30809Min 3MFCA3 T = 278K) was

deposi ted by Spl n co (speed V2
= Hre T Vo =Vr)Vp - 2 (1

where Iy is the drain current, Cq is the capacitance, W/L is the device
aspect ratio, Vg is the source drain voltage, Vr is the threshold voltage and

15 Vp is the Drain-Source Voltage. The results are shown in Table 1 below.
Table 1
Linear Mobility (cm’/Vs)
20 Solvent before after 3min Pecr;c::z:n-
exposure | solvent exposure

Water 1 1 0%
9% Cytop-809M/ FC43 0.36 0.37 0%
Ethylene glycol 1 0.85 15%
FC 43 0.7 0.5 30%

25 Diethylene glycol 0.7 0.4 43%
9% Cytop-809M/ FC43 @ 0.65 0.35 46%
9% Cytop-809M/ FC43 @ 0.89 0.43 52%
Sulfolane 0.625 0.0951 85%
Propylene Carbonate 0.806 0.0968 88%

30 Isopropyl alcohol 0.64 0.048 93%
y-Butyrolactone 0.92 0.016 98%
Acetonitrile 0.7 4x10° 99%
Methanol 0.7 Destroyed 100%
Ethanol 0.8 Destroyed 100%

35 Acetic Acid 0.85 Destroyed 100%

(1) spin coated



5000rpm accel eration 6000rpm's, duration 8s). The passivation |ayer was
cured for 2mn at 100C. Subsequently a silicone protective passivation
(Dow Cor mvogofiyl263bf 7681- 35030, Dow Corning Syl -Of 7&82/EPRexe/oCsshi ng
Syl -Of 4000 ratio 12.5:1.5:0.25) was deposited by spin coating (speed
1500rpm - 33 - acceleration 1000r pn s,32lurati on 30s) and cured for 15min
at 100C. The devices were then exposed to the follow ng conditions, to
simul ate stages of a photo |ithographic process. The passivated- devi ces
wer e 5exposed for 3mn to either 10% H3PO4 (40C), 10% HNCG3 (40C), or 55% FN
(20C). After (Ra#k-jejted Merdle MO appliegfioe!5st he devi ces were exposed for
3mn to a 50: &0 e lii.d@ne/ di et hyl enegl ycol nonoet hyl
(38 TR Spea MR oMY opld fof 1l

et her m x 50: ) evi ces were washed. 10The device
per f or mance w43 isBs6lid &8 Rlsandhaddeds wammead e beuserbandtobgignovere | i near
devi ce nobi | i frymuakRVideCaftéMsoldifFyinges. Table 2 Etchant Linear Mbility

before £xposure (cn2/Vs) after exposure Performance
The results show that only water and fluorinated solvents are orthogonal
to the OSC and do not cause any performance loss due to possible
dissolution of the OSC, whereas the other solvents lead to a significant
performance loss of the device caused by dissolution of the OSC.
10

Example 2: Double passivation layer for optimum chemical resistance

BG OFET devices were prepared comprising the following components
- a gate electrode of Al prepared by evaporation through a shadow mask,
15 - a gate dielectric layer of Merck Lisicon ™ D206 (from Merck KGaA)
prepared by spin coating and curing with >300 nm UV radiation,
- source and drain electrodes of Ag prepared by evaporation through a
shadow mask,
- a self-assembled monolayer of Merck Lisicon M001 (from Merck
20 KGaA), applied to the electrodes by spin coating, and
- an OSC layer prepared by spin coating a solution of the OSC
compounds 2,8-difluoro-5,11-bis(triethylsilylethynyl)anthra[2,3-b:6,7-b']
dithiophene and 2,8-difluoro-5,11-bis(triethylsilylethynyl)anthra[2,3-b.7,6-
b']dithiophene (as a 50/50 mixture of both isomers) in ethoxybenzene
25 and cyclopentanol (5% of total formulation weight) as a solvent.

The devices were passivated by a double layer approach:

First a fluorinated orthogonal passivation material (9% Asahi Glass Cytop-

30 809M in 3M FC43 T = 278K) was deposited by spin coating (speed
5000rpm, acceleration 6000rpm/s, duration 8s). The passivation layer was
cured for 2min at 100°C.

Subsequently a silicone protective passivation (Dow Corning SylOff 7681-
35 030, Dow Corning Syl-Off 7682, Dow Corning Syl-Off 4000 ratio
12.5:1.5:0.25) was deposited by spin coating (speed 1500rpm,



10% phosphoric acid 10%nitric acid 55% ferric nitrate 0.7 0.8 0.9 0.7 0.8
0.9 Maintained Maintained Maintained It can be seen that the nobility

val ues bekoreiianessaft er passi vati on deposition and chenpcalepexipoeiss® do not
show any significant difference for any etchant option. This shows that the
passi vation | ayer provides 25sufficient 38r-otection agai nst exposure. Figure
4 shows the transistor nobility as a function of the gate voltage for the
devi ce exposed to 10%nitiric acid (40C). The solid line represents the

nmobi lity before passivation, the dotted |ine represents the nobility after
30 passi vat i @cceledationi $0@0poy/sr durationci(s) eadseed fomi Smireah®®0G.t y val ues
before and after passivation and exposure do not show any significant

di f f erence. Exanple 3: Effect of the ion concentration in an agueous

based 35passil@ dericesowais tharexposad tedhe/folwsisgreonditiars ¢r stagate - 34 -
The fol | ow “%té@@@ﬂ& RABRWRKB Véd‘rﬁé@i&es@fThé’%&s&ﬁx@f@cﬁﬂeﬁ@é@%ebased

passi vation nmateri can I npr, ned ce af I vation
| ayer deposi ﬁXBHS?g For SThisharinard (a4 b Lidsin b R bwrtfﬂ‘if
passi vati on FNCEFE). After washing with de-ionized water, the devices were exposed

for 3min to a 50:50 mixture of N-methyl pyrrolidone/ diethyleneglycol

monoethyl ether mix 50:50 (60°C). Finally the devices were washed.

10 The device performance was measured as outlined in Example 1. Table 2
shows the linear device mobility values for the devices.

Table 2

Linear Mobility (cm®/Vs)

15
Etchant before after Performance

exposure exposure
10% phosphoric acid 0.7 0.7 Maintained

10% nitric acid 0.8 0.8 Maintained
20 55% ferric nitrate 0.9 0.9 Maintained

It can be seen that the mobility values before and after passivation
deposition and chemical exposure do not show any significant difference
for any etchant option. This shows that the passivation layer provides

25 sufficient protection against exposure.

Figure 4 shows the transistor mobility as a function of the gate voltage for
the device exposed to 10% nitiric acid (40°C). The solid line represents
the mobility before passivation, the dotted line represents the mobility after

30 passivation and acid exposure. It can be seen that the mobility values
before and after passivation and exposure do not show any significant
difference.

Example 3: Effect of the ion concentration in an agueous based
35 passivation formulation




BG OFET devices were prepred as described in Exanple 1. The devices were

t hen passivated by depositing an either dialysed or undi al ysed agueous
based ortWwogonaleyassi vati on material onto the OSC | ayercTdPinonwosssl ysed
bat ch of the ethylene nodified poly-(vinyl alcohol) passivation materi al
(Kuraray Exceval HR3010) was prepared di ssol ving 10g of polyner in 100g
of water by bringing the water to boil while the pol yner/water m xture was
stirred. 15A dialysed batch of the sanme passivation material was prepared
by dialyzing the above solution (cellulosis tutb_i ng, Mw14,000). 100mL of
pol yner  sol ul hefollawipgexanmle ghaws Wﬁ%’ﬂ%ﬁlq’doggﬁ&m 8B AGOY&d wat er

having a 00n9§§éd ghééﬁvétiown{ﬁéméudan iR ove shey fdtainet perfovasarexcafterged every
day for 2 weeks. 20 The uadl al.i{seg. or£| al éﬁef assivation material,
respect i vel yPaspvatipig¥et dapesitien (ife regece y%OSBN"sP& f@@&??ﬁ&”@?ﬁeed
5000r pm accey eiéphesivailiprygess).dur ation 15s). The passivation layer was
cured for 15mn at 100C. 25 The device performance of both devices was
measured as outlined in Exanple 1. Figure 5 shows the linear nobility as a
function of BeOFfiTededtenyere prepred asdesdriteddndaxamplet1.okhe d9weesisi ng a)
di al ysed mat gLl . J L O i il after

passi vati on, &/{:e;é?‘hhnedf g%%?&@%ﬁﬁeq%?%&%@%hggg?f at | gﬁ&ﬂéi%ﬁgi al ysed
material, afaguepasbased pghogonal passivetion Rpiesal patthef@S&eh) and c)
show al nost the same val ues, the 35difference being due to tol erable

deviatiqQns in preparing the deyi ces. \Wien canparing .t he s§i vat ed devi
b)V:andHﬁ), :Andwdp '%IS%%Qﬁtq?h‘aﬁw?rﬁéﬁy'-engef"?g'ﬁﬁnainl'lf'@/'B!P' %'ﬁ@“ﬂui ce b) vhees
passi vat efl \é\bgbsi_déﬁdryﬁgdemmt(mmitayi E»(deﬁ_du_b‘lmm]@) w2 priepaied bgbr res p_onolit ng
unpassi vat ed ,devj ce ereas . i vate

Wi th undial ydisso 9e?e’%|°%8‘%%’d82@’@gf5‘&%%fb9t%rge@%éj@ﬁ%%%ﬁ o BbiP

unpassi vat edwihiieithe polymér/\Whates rsixtuwe wasastirsgghl i cati on of an aqueous based

passivation material directly onto the OSC |layer will lead to a decrease of
the device nmobility, and that the decrease can be reduced when t he aqueous

passi vabi on Aedielysafl baichiphiheserme Passhiglieninaaiedial WASATEPAEIRY or e bei ng
deposi ted onypylyzing the above solution (cellulosis tubing, Mw~14,000). 100ml of

polymer solution in the tubing was submersed in 5L of de-ionised water
having a conductivity < 10 mScm™'. The dialysis water was exchanged
every day for 2 weeks.

20
The undialysed or dialysed passivation material, respectively, was
deposited onto the OSC layer by spin coating (speed 5000rpm,
acceleration 6000rpm/s, duration 15s). The passivation layer was cured
for 15min at 100°C.

25

The device performance of both devices was measured as outlined in
Example 1. Figure 5 shows the linear mobility as a function of the gate
voltage for devices with a passivation layer using
a) dialysed material, before passivation,

30 b) dialysed material, after passivation,
c) undialysed material, before passivation,
d) undialysed material, after passivation.

The unpassivated devices a) and c) show almost the same values, the
35 difference being due to tolerable deviations in preparing the devices.
When comparing the passivated devices b) and d), it can be seen that the



10t he OSC | ayer. The ion concentration in an aqueous fornulation of the
nodi fi ed pol yvi nyl acl ohol Exceval HR3010 (from Kuraray) was quantified by
nmeasuri ngwohergmeduct i vity of the fornulation before andcafgresiodoabysis.
15The conductivities were conpared with de-ionised water and potassium
chloride standard sol utions. The resul ts3re shown in Table 3 bel ow. Table

3 The conductivity neasurenments confirmthat the dialysed material has a
much | ower conducti Vi ty and ion content. The inpurities have been renoved
fromthe polymer, 4: Cross-linked passivation layer - 36 - BG OFET

devi ces wer e [pPBkH eﬁthssd@é@%bb séaswategmmld@msedrﬁ@tew.I%éedwedet

passi vat ed W 2dv,aF thE\¢fespbAaRd &Eﬂé&ﬁ%@é dB@@é'é')aWh‘éPeéﬂHér mdBilibt ows. A
sol ution of ethy|ene di fi ed poI (vi.n | coho I vation materi al
(Kuraray ExcdDgideyies bB’a%ﬁﬁat&Pé@S‘ egRd @ﬁsegs@awmgs T@%fj tﬁcﬁf’g/ﬁ@tf thé: 100g

of water by t&drr@pmdmyaumpéﬁwét@dluyvhcg\@ | e the pol yner/water m xture was
stirre | M of aqueous 40% sol uti on of glyoxal (Merck) was slowy added to

| O of The polyner solution while stirring. After adding the glyoxal, the
sol uti on was Hhisshewsfthat applisatioerofidinaquedireebastdi passivation aldterigld to rest

coat i ng. (speci iy Uflo FOSCTENUA o IF R ety HRIEARIIARl 07 °P' "
1000r prmi s) . e Méhadeptﬂasea@am bmedm@wheoﬁhqaﬁwoas PE@BEZahQOThe devi ce
per f or mance %ét&%@@?ﬁﬁs@% tB%Hd%%hi& iRERARES bbf Fé Séihﬁpa g%lgﬁ?é\é oht

| i near bility as a ction of the gate voltage efore vation (solid
line) ahd af ttB? @aSdavelti on (dotted Iine). The device mobility typically
shows the sane performance reduction as without the addition of glyoxal. 25

The results ow that this.crass-|inker ven t,(hou it h&e 8 | ow nol ecul ar
eion concentratlon In‘an aqueods ormulation he modifie

polyvinylaclohol Exceval HR3010 (from Kuraray) was quantified by

measuring the conductivity of the formulation before and after dialysis.
15 The conductivities were compared with de-ionised water and potassium

chloride standard solutions. The results are shown in Table 3 below.

Table 3
Formulation/Solution Conductivity (muS cm'1)
20 T4 water 0.75
KC1 10" mol L™ 13.86
KC1 107 mol L™ 1.42
KCI 10 mol L™ 0.1519
KCI 107 mol L™ 0.0177
25
Kuraray Exceval HR3010/ water 9%
(crude) 680
Kuraray Exceval HR3010/ water 9%
(dialysed) 27
BDH poly-(vinyl pyrrolidone)
30 Mw~700,000 (crude) 21
The conductivity measurements confirm that the dialysed material has a
much lower conductivity and ion content. The impurities have been
removed from the polymer.
35

Example 4: Cross-linked passivation layer




wei ght, can be used to cross-link the material w thout |oss of performance.
Exanpl e 5: Deposition of orthogonal |ayers at |ow spin speed (increased
30deposi tworotioreso BG OFET devi ces were prepared conpripsrmp241i0®04883 | owi ng
conponents: a gate electrode of Al prepared by evaporation through a
shadow nask, a gate dielectric-B&yer of Merck Lisicon (r) D206
(from Merck KGaA) 35prepared by spin coating and curing with >300 nm W
radi ati on, source and drain el ectrodes of Ag prepared by
evaporation through a - 37 - shadow mask, a self-assenbl ed nonol ayer of
Merck Lisicon (r) MOO1 (from Merck KGaA), applied to the el ectrodes by spin

coating, andgg @F F_qsge{/%% rwe%gﬁéFéfbdoﬁs aeééht%baﬁ\' Blampkl UTheBedices e

5seni conduct | ng nmpoun uor o-

bi s(tri et hyl mew |p@§ﬁvﬁ§ﬂr<f wib AMLAGUS0YS Baﬁedlgﬁhag@mﬁ'mweatlaﬁdayer as

2,8-di fl uoropliblyddi s(triethylsilylethynyl)anthral?2, 3-b:7,6-bldithi ophene
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was stirred for a further 15min. The solution was allowed to rest until
bubble free and used immediately.

15
The material was deposited by spin coating (speed 15s at 500rpm
followed by 30s at 1500rpm, acceleration 1000rpm/s). The passivation
layer was cured for 15min at 100°C.

20 The device performance was measured as outlined in Example 1. Figure
6 shows the linear mobility as a function of the gate voltage before
passivation (solid line) and after passivation (dotted line). The device
mobility typically shows the same performance reduction as without the
addition of glyoxal.

25
The results show that this cross-linker, even though it has a low molecular
weight, can be used to cross-link the material without loss of performance.

Example 5: Deposition of orthogonal layers at low spin speed (increased
30 deposition time)

BG OFET devices were prepared comprising the following components:
- a gate electrode of Al prepared by evaporation through a shadow mask,
- a gate dielectric layer of Merck Lisicon ® D206 (from Merck KGaA)
35 prepared by spin coating and curing with >300 nm UV radiation,
- source and drain electrodes of Ag prepared by evaporation through a
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The device performance was measured as outlined in Example 1. Figure
7 shows the transistor mobility as a function of the gate voltage, and

20 Figure 8 shows the transfer current as a function of gate voltage. The
solid line represents the data before passivation, the dotted line
represents the data after passivation. It can be seen that the performance
values before and after passivation do not show any significant difference.

25 12.5g of Dow Corning Syl-Off 7681-030 and 1.5g of Dow Corning Syl-Off
7682 were mixed. The formulation did not cure over a period of 30 days at
RT or 24 hours at 80°C as indicative by any apparent increase in viscosity.

Example 6: Double layer passivation with increased x-linker concentration
30 in the protective layer

This system enables to reduce delamination of the protective layer from
the orthogonal layer.

35 BG OFET devices were prepared comprising the following components
- a gate electrode of Al prepared by evaporation through a shadow mask,



Patent C ains 1Process for preparing a passivation |ayer for an organic

el ectronic device, conprising the steps of 5a) providing an organic

sem condwwoanileaysan, b) depositing a first passivation lPay@P201000asas fir st
formul ati on conprising a passivation material and one or nore solvents onto
t he organi ¢ sem conductor |ayer and rem38ng the solvents, 10c) optionally
depositing a second passivation |layer froma second formulation conprising
a passivation naterial and optionally one or nore solvents onto the first

passi vation | ayer and renoving the solvents if %esent,
wherei n the sola/@atesdielestrig layer phMetiek Lisicon ®obRO dtrbomMerek K&a#gt ed 15from
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to remove i omi SAURRRIANE dsainRiestredefepbrd Prepaisatly evapasatianitirough a

sem conduct or. sk3dofr ®aers according to claim1, characterized in that the
first f§rrml ation

ont ai ter.as a | vent ., and i reated tqQ renove

i oni ¢ i*npuri ti @ss%'gﬁﬁ?%nggﬂggﬁoppwe{iﬁf %C%E&M%gé\éﬁ?iéﬁaﬁbﬁgr& 3. Process
accordi ng to clkGaf), appligd tolthe atdatrodesdyi spih lcatting.eand Ieat mfsnlt 25t 0 renove
lonic inpuriti ' 1.3l wsi . . Qs | S trafiltratrion,
m cr of i lrr}[)r at i-oﬁﬁoréglr@;'r’?g% Fﬁ{%a%eﬁgyssép'ﬁ §¥§ﬁ§? sf@@iomd?fntéet o one or nore of
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conpourtd, of ra ki tHssEieghyIaieB Ny hRAtaralR drbit: 6-Biiddhiopheds (as a 50/50

mixture of both isomers) in ethoxybenzene and cyclopentanol (5% of

total formulation weight) as a solvent.

The devices were passivated by a double layer approach:

15
First a fluorinated orthogonal passivation material (9% Asahi Glass Cytop
® 809M in 3M FC43 T = 278K) was deposited by spin coating (speed
5000rpm, acceleration 6000rpm/s, duration 8s). The passivation layer was
cured for 2min at 100°C.

20
Subsequently a silicone protective passivation (Dow Corning Sy+Off 7681-
030, Dow Corning Syl-Off 7682, Dow Corning Syl-Off 4000 ratio
12.5:3.0:0.25) was deposited by spin coating (speed 1500rpm,
acceleration 1000rpm/s, duration 30s) and cured for 15min at 100°C.

25
The device performance was measured as outlined in Example 1. Figure
9 shows the transistor mobility as a function of the gate voltage and
Figure 10 shows the transfer current as a function of gate voltage. The
solid line represents the data before passivation, the dotted line

30 represents the data collected two month after passivation. It can be seen
that the performance does not show any significant drop after passivation
and with time.

35



ol i goners, polynmer precursors, polynerisable conpounds, or mxtures of any
of the aforenentioned. Process according to one or nore of clains 1 to 5,
char act erwpeditineishat the second fornul ati on does not cearaiproid/osssByent .
Process according to one or nore of clains 1 to 6, characterized in that
the second fornul ation contains a pass+¥8t-on material selected from
silicon polyners, oligoners, polyner precursors, polynerisable conpounds,
or m xtures of any of the aforenentioned. Process according to one or nore
of claims 1 to 7, characterized ﬁ%“%ﬁ%i }hg passivation material of the
first and/ or second fornulation i OJEJP nked after deposition. Process
according to one or nore of clains 1 to 8, characterized in that the
organi c sem dondRrboesd fay prepanivicaa passivation dayel foebacairganitredectserist i t ut ed

pent acenes, substjtute racenes tituted ant hracenes, or

het er ocyclic deri({?&tﬁevggﬁﬁ'éﬁ@o@‘% %eégﬁ c electronic device obtained by a
process accordin : =1 aj . Organic electronic

devi ce%accprdi ng%t)g)?%\ﬁgllnh]?g?rﬁg? g%:?]géolﬂze télrrlé?%gt it is selected fromthe
group consi sting byleBodtityCa firstpeslhfic 1dyef fion? it &)?ﬁ% jont NI n film
transi stors (TFT), conponénts of I ntegrat circuitry (1C), radio frequency
i dentification (ROMBYisiNga Passlyatire MatgHal and opery PwIeversmmyto the

el ect r ol um nescemyrganis Remisondudiér Bgarhndirémoring theasdier@st s,
phot odet ectors, sensors, logic circuits, nenory el enents, capacitors,
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Phot aconduct or o, \aTapeT EaisFieid fBass AT At 4% bRfiata g he bt o
xer ogr aphi ¢ devi ersre solvents onto the first passivation layer and removing the

solvents if present,

wherein the solvents contained in the first formulation are selected
15 from water or fluorinated organic solvents, and

wherein, if the first formulation comprises water as a solvent, the first
formulation is treated to remove ionic impurities before deposition
onto the organic semiconductor.
20 2. Process according to claim 1, characterized in that the first
formulation contains water as a solvent, and is treated to remove
ionic impurities before deposition on the organic semiconductor.

3. Process according to claim 1 or 2, characterized in that the treatment

25 to remove ionic impurities comprises dialysis, reverse osmosis,
ultrafiltratrion, microfiltration or nanofiltration.
4.  Process according to one or more of claims 1 to 3, characterized in
that the first formulation contains water as a solvent and a
30

passivation material selected from water soluble hydrocarbon
polymers, oligomers, polymer precursors, polymerisable compounds,
or mixtures of any of the aforementioned.

5.  Process according to one or more of claims 1 to 4, characterized in
35 that the first formulation contains a fluorinated organic solvent and a
passivation material selected from fluorinated hydrocarbon polymers,
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oligomers, polymer precursors, polymerisable compounds, or
mixtures of any of the aforementioned.

Process according to one or more of claims 1 to 5, characterized in
that the second formulation does not contain a solvent.

Process according to one or more of claims 1 to 6, characterized in
that the second formulation contains a passivation material selected
from silicon polymers, oligomers, polymer precursors, polymerisable
compounds, or mixtures of any of the aforementioned.

Process according to one or more of claims 1 to 7, characterized in
that the passivation material of the first and/or second formulation is
cross-linked after deposition.

Process according to one or more of claims 1 to 8, characterized in
that the organic semiconductor layer contains a compound selected
from substituted pentacenes, substituted tetracenes, substituted
anthracenes, or heterocyclic derivatives thereof.

Organic electronic device obtained by a process according to at least
one of claims 1 to 9.

Organic electronic device according to claim 10, characterized in that
it is selected from the group consisting of organic field effect
transistors (OFET), thin film transistors (TFT), components of
integrated circuitry (IC), radio frequency identification (RFID) tags,
organic light emitting diodes (OLED), electroluminescent displays, flat
panel displays, backlights, photodetectors, sensors, logic circuits,
memory elements, capacitors, organic photovoltaic (OPV) celis,
charge injection layers, Schottky diodes, planarising layers, antistatic
films, conducting substrates or patterns, photoconductors,
photoreceptors, electrophotographic devices and xerographic devices.

Electronic device according to claim 10 or 11, characterized in that it
is a bottom gate OFET.



